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Introduction

During the summer of 1981 the U.S. Geological Survey, the
Missouri River Basin Commission, and the New England River Basins
Commission cooperated in presenting a series of workshops on water
conservation. This workbook and accompaning exercise is designed
for use in a one-day workshop presenting water conservation
options. The options for expanding sources of water supply are not

addressed in this exercise.

The workshop 1is structured around a Tlecture and group
exercise. The lecture is illustrated with slides, and follows the
material explained in the text "Before the Well Runs Dry - a
handbook for designing a local water conservation plan." The group
exercise is designed as an oversized game board with playing cards
describing the various water conservation techniques and their

impacts.

A sample agenda for the program is as follows:

8:30am Registration and Coffee

9:00am Welcome and Introduction

Program Overview

Introduction of Case Study Community



9:30am

10:00am

10:45am

12:00

1:00pm

2:30pm

3:30pm

4:00pm

Case Study Exercise -Step One Problem

Identification
A Seven-Step Procedure for Designing
A Local Water Conservation Plan -

An Illustrated Lecture (Part I)

Case Study Exercise (continued) - Steps

Two - Four, Assessing Supply and Demand

Lunch

Part II of the Illustrated Lecture and

Continuation of the Case Study Exercise

- Steps Five-Seven, Minimizing Adverse

Impacts

Review of the Water Conservation Plan

Wrap-Up and Evaluation

Adjourn

A sample lecture is included in the Appendix
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LECTURE NOTES: PRESENTATION OF THE SEVEN-STEP
PROCEDURE FOR DESIGNING A LOCAL
WATER CONSERVATION PLAN



Water Conservation Lecture Notes

‘The planning procedure is designed to help you to:

. consider the full range of options

. evaluate .the advantages and disadvantages of various
options

0 assess the potential impacts of each option on your

utility, the users and the community

The first step is to analyze the problem and establish a

conservation goal. There are three aspects of this first step:

1. Evaluating whether the community has an average demand
problem or peak demand problem;

2. Establishing the percent reduction needed; and

3. Deciding whether the problem is long-term or

short-term.

The next step requires an analysis of whether your goais can
best be met at the supply end--making improvements in the water
supply system, or in the demand or consumption side of the

system, or a combination of both.

"The third step calls for you to analyze the cost effec-

tiveness and impacts of various management options.



On the supply side, analyze 5 management programs:

(] Metering and meter maintenance
) Leak detection and repair

® Pressure reduction

. Watershed management

. Evaporation suppression

If you choose to work on the demand side, the third step in
the approach calls for analyzing the impacts of one of three

tools to reduce water consumption:

. Price - an economic incentive, encouraging users to
conserve to save money

(] Regu]étion - a legal 1incentive which requires users
to conserve to comply with the law

(] Education - a voluntary incentive which seeks to change
behavior or attitude through information and

explanation

You may choose to mix price, regulation, and education to
develop a successful program. Experience has shown that educa-
tion plays a crucial role in raising the effectiveness of the

other incentives, especially in a crisis situation.



It is important to explain the situation to consumers,
describe the action being taken or proposed, and explain what

consumers should do and why these actions are necessary.

In Step 4, consider ways to avoid or minimize any adverse
impacts evident in the supply and demand management programs you

are reviewing.

In Step 5, choose and design the specific supply and/or

demand management programs you will use.

For demand management programs, this includes choosing new

water rates, water use restrictions, or educational materials.

In Step 6, choose devices -- the actual hardware or

techniques -- that physically reduce water use.

For supply management, the hardware/techniques include the

five (5) programs already mentioned. For demand management, they

include:
. water saving fixtures
. reuse/recycle systems
] user habit changes



Supply devices can be used alone, or in conjunction with a

demand program.

In the final step, combine the results of your various

analyses and decisions in the form of an implementable water

conservation plan.

THE SEVEN STEP APPROACH IN DETAIL

STEP (1),IDENTIFY PROBLEM/ESTABLISH A CONSERVATION GOAL

This is the key to the planning procedure because all decisions
are based on whether the various alternatives under consideration

can meet the goal.

The goal is defined by 3 factors or needs:

1. peak and/or average use has to be reduced
2. high or Tow percentage reduction in use is needed, and
3. short or long-term time span

Peak use refers to the summer average daily use caused by

outside uses. Average use refers to the annual average use.

When stating percentage reductions, 1-10% is considered a
low percentage reduction, and over 10% is considered high.

-4 -



A short-term time span is approximately one year or less,

while long-term is a year or more.

STEP (2), CHOOSE A SUPPLY AND DEMAND MANAGEMENT PROGRAM

This step is conceptually straightforward. Yet it requires

considerable analysis and planning.

The goal of supply management is to improve efficiency and
reduce waste within the production and delivery system. It is
often the best 1long-term option because conservation goals are
met without depending on water users. While this 1is standard
.operating procedure for a well-run utility, sometimes a water

supply problem can be solved through better management alone.

Supply management is best used for 1long-term, low percent
reduction goals. It may be useful for short-term goals if your
system has not been adequately maintained over the years. It may
also be useful for peak use reduction if the problem is caused by

inadequate storage or pipe capacity.

The advantages of supply management are:

) the program is under your direct control
] revenues can increase
] slack is maintained in system



The disadvantages include:

) large capital expenditures are usually required
] the options are labor intensive
. a long lead time is needed

Your analysis may require much time or little time, depend-
ing upon past studies and experience. Supply management yields
1ong;term improvements in the system. Costs are high, though the
"crisis mentality" created during a period of water shortages may
help to build a potential constituency in favor of long-term

changes, even if they prove costly.

[f supply management is not adequate to achieve the con-
servation goal established in Step 1, then consider demand
management. Demand, or consumption, management requires water
users to modify their behavior and reduce consumption in a home
or business setting. It has the potential to achieve any

conservation goal.

In general the advantages include:

. Versatility

. Low expense (potential)

] Less labor intensive

() More rapid implementation



The disadvantages include:

. Revenues may drop

] Results dependent on users' cooperation
) Political support required

(] Opposition or resistance from users

STEP (3), ANALYZE THE COST EFFECTIVENESS AND THE IMPACTS OF

VARIOUS SUPPLY AND DEMAND MANAGEMENT OPTIONS

For supply management, there are five (5) programs:

) Metering and meter maintenance
® Leak detection and repair

(] Pressure reduction

.. Watershed management, and

(] Evaporation suppression

This type of supply side analysis 1is not unique to water
conservation. Many of you do this as a matter of good management
practices. What is unique, however, is a recognition of how to
use improved supply management as a way to meet water conserva-

tion goals.



Metering

Metering itself does not reduce water consumption. It pro-
vides an accurate accounting of all the water used throughout the
system. This information is needed for planning leak detection
and repair programs, pricing programs, and other conservation
efforts. If the utility decides to install new meters for all
its users, and in conjunction, implements an appropriate water

rate, a long-term reduction in water consumption can be realized.

Leak Detection and Repair (LD&R)

LD&R can substantially reduce water waste within the system.

LD&R also includes an analysis of unaccounted-for water.

Some categories. of unaccounted-for water include abandoned
services, inaccurately metered water, illegal hook-ups, and

defective hydrants.

There are two basic method; for conducting surveys: if your
system is losing water primarily through Tleaks, a system scan
wquld be most effective; if your system is losing water through
illegal hook-ups, or meter under-registration (e.g., un-

accounted-for water), a water audit would be most effective.



Leak detection and repair programs are almost always cost-
effective. They are best for long-term, low percent reduction
goals. If the system has not been well maintained, leak
detection might achieve a high percentage reduction goal if used

as a conservation technique.

Pressure Reduction

Consider pressure reduction if there -are a significant

number of areas where pressure is high (80 1b/sq in. or greater).

Pressure-reducing valves installed in street mains or
individual services can reduce waste simply by reducing the
amount of water passing through the system. Pressure reduction
is used for meeting long-term, low percentage reduction, average

use goals.

Wlatershed Management

Watershed management 1is wused primarily to profect or
increase water flows to the supply and to protect ground water
sources. Techniques include: (1) forestry management (thinning
forests in the watershed); (2) zoning ordinances to prohibit
inappropriate land uses within the recharge area; (3) purchasing
surrounding watershed land to maintain it under your control; and

(4) sub-division regulations which allow development to proceed



in a manner which does not harm the watershed. Watershed
management is most useful for meeting long-term, low percentage

reduction, average use goals.

Evaporation Suppression (reservoir covers)

Evaporation suppression is only useful when evaporation is
responsible for significant water loss (greater than 10%). It is

used in more arid places.

The impact analysis for each supply management program

entails a review and analysis of the following impapts:

. Financial and economic
) Technical and environmental, and
° Legal and institutional.

Figure 3.2 in Section Three details a set‘of impacts that
may occur as a result of undertaking the different supply manage-

ment programs.

Use the list of impacts as a guide, and concentrate only on

those that are relevant to your setting.

For demand management ‘“programs, analyze the cost
effectiveness and the impacts of various demand management

options. -- 10 --



In demand (consumption) management programs, you have a

choice of three tools to encourage users to reduce their use:

. Pricing
. Regulation, and
. Education

In many cases, you will combine the three tools.

A1l three programs can be relatively 1inexpensive to

implement.

Pricing - If a pricing program is carefully designed, it can
generate excess revenues while it encourages use reductions.
Therefore, it should be considered as part of many conservation

programs.

Pricing is best used for long-term, low percent reduction

goals.

The costs of a pricing program are mostly one time costs.
These costs will be for a rate survey, or cost of service study,
possibly costs to institute a new billing system, and, if
requlated, costs for an attorney or someone to present your new

rate before the public utilities commission.



The major disadvantage to pricing is user opposition,
especially from industry, local government, and the public

utility commission.

Regulation - This program can be wused to achieve any
conservation goal. It is most effective for short-term, high and
low percentage reduction goals and 1long-term, low percentage
reduction, average or peak goals. Regulation can be quickly

implemented and can achieve immediate results.

Costs to implement regulation are 1limited to costs of
enforcement. If you do not have the authbrity and/or manpower
for enforcement, you may have to secure the assistance’ of the

police department or the local government.

The major disadvantages to using requlation are that
revenues will decrease as consumption drops and some users may

oppose limitations on how they can use their water.

Education - Education programs can help any conservation
program because education is generally well received by the
public and can reduce user opposition to other programs. It is
effective for any goal, except 1long-term, high percentage

reduction goals.

The major disadvantages to education are that revenues may
decrease as consumption decreases, and results are less reliable
than other programs because of its veluntary nature.

-—- 12 --



Impacts

The types of impacts for demand management programs include:

] What a change in revenues, up or down, will mean to the
utility or company;

. How a change in water rates might affect high volume
users, including potential impact on employment;

. What the effect of reduced water use, such as reduced
wastewater treatment costs, ppstponing new source
development, potential damage to 1andscap1ng,'and
increasing the potential for adding new connections,
will have on the utility or company;

) How the public will react to the conservation program,
and to the perceived equity of the program;

) What it will cost to implement the program; and

. How laws, regulations, or ordinances create or limit
options.

Figures 3.4 - 3.7 in Section Three detail most of the

impacts of demand management programs.



STEP (4), IDENTIFY ACTIONS TO MODIFY ADVERSE IMPACTS

In Step 3 you identified the impacts of various supply and
demand management approaches. In Step 4 you identify actions
which can minimize the adverse 1impacts associated with each

program, and then choose the best program.

Figures 4.1 and 4.2 in Section Three 1list potential actions

you could take to minimize these adverse impacts.

STEP (5), CHOOSE SPECIFIC SUPPLY AND/OR DEMAND MANAGEMENT

PROGRAMS

Step (5) is the place to begin detailing the specific

elements of a conservation program.

Once you have analyzed the cost-effectiveness, impacts, and
modifications of the 1impacts of supply management programs,

you'll be able to select programs most effective for your

community. Review each supply management program again to be

-— 14 --



sure that it has the potential to achieve the conservation goal
you have established. After this review, proceed with Step 6 -
Evaluate and Select Hardware/Techniques for the subp]y management
programs' specific equipment or plan. This step is much more

involved for demand management.

After you've completed the analyses in Steps 3 and 4, choose
the programs that are the most cost effective and have most
beneficial impacts. Step 5 is the place to begin detailing the
specific elements of a conservation program. On the demand side,

this includes:

Pricing: establishing a new water rate
Regulation: choosing water use restrictions
Education: choosing education tools/devices/campaign

materials

Pricing - There are two aspects of a pricing policy: the
price level (price per unit) and price structure (price level

variations based on time, quantity and/or type of use).

Price level is more important because only when the price
level 1is high enough -- regardless of structure -- will users

consider how they are using water and conserve.



There are six basic steps for designing a new water rate.

A.

Determine the goal for percent reduction; for example,
5% or 10%.

Estimate the decrease in water wuse by consumers in
response to price increases. This change is termed
“price elasticity of demand."

Determine the percent change of price necessary to
achieve your -goal. .

Calculate the new total revenue, as a result of the new
price.

Compare the new total revenues to your annual costs
(remember, variable costs will drop as water use
drops).

- if revenues too high, may need a Tower price

- if revenues too low, may need a higher price

= a price structure can change your revenues up or

down
Select a price structure - price structures are used to
modify price levels so that the total water rate (level

and structure) can achieve one or more of the

following:
) cover the true cost of supplying water
] be equitable to all users



. be easily understood and accepted by consumers
) discourage waste of water and subsidization of
consumption of one user group by another

* be politically acceptable.

Twenty common price structures are listed in Figure 5.2 in
Section Three. They are grouped by their ability to meet peak or
average conservation goals. Like the other charts, use it as a

resource to pick a structure that meets your goal.

When using pricing there are several guidelines to keep in

mind:

. responses to a price hike generally diminish as users
become accustomed to them;

) ‘pricing is most effective in reducing peak use among
residential users and average use among large volume
users;

(] ~in the Great Plains, the price of water has been
traditionally low and responsiveness to price hikes is
generally low, especially among residential uéers;

® changing a water rate often requires a long lead time;

] only propose a water conservation price hike once -- or

community opposition may develop.



Regulation - Choose a regulation program from the following

methods:

- restricting a specific water use

- restricting the time/season during which a specific use
is allowed

- requiring permits for some water users

- restricting the quantity of water which can be used

- requiring appliances and equipment which use a smaller

amount of water

Various regulations have different potentials for meeting

conservation goals. Figure 5.4 in Section Three summarizes

these potentials.

Keep in mind thét some regulations may be prohibited in your
community. In other cases, regulations may require enforcement
you are not able to provide, e.g., limiting a new specific use.
Finally, some regulations, such as rationing or plumbing code

changes, may not be effective because of user or political

opposition.

-- 18 --



Practical experience has yielded several recommendations:

reserve stringent regulations, such as rationing and
use bans, to high percentage reduction, short-term
goals, and to periods of extreme emergency, such as
extended drought.

use less stringent regulations, such as plumbing code
changes and limits on specific uses, for long-term, low ~
percentage goals.

most regulations that 1imit outdoor uses are easy to
implement and can achieve water wuse reductions
immediately.

all regqulations require some level of enforcement --

make sure enforcement staff is available.

Education - Education can stand on its own, or augment price

and regulation programs.

The number of educational tools are many -- it is important
to match the right educational tools and techniques to your
community setting.

Each available tool is bound by two factors:

type of community

budget resources



Figure 5.5 in Section Three presents a partial 1list of
educational methods used to encourage water wuse reduction.
Some are better suited to small communities than large; some

are more expensive than others.

When developing educational programs, work with
communications professionals. The assistance of a 1local
newspaper editor or public relations practitioner can help yield

a better, more focused program.

Past wexperience has provided some education-related

recommendations:

(] Educational programs should help users to understand
why conservation is needed and should provide specific
recommendations on how to conserve.

* Education is most effective during a water c¢risis when
user awareness is high.

] Keep conservation messages short and simple.

) Provide detailed data on how to reduce cdnsumption

after getting people's attention.



) Mix the media. Use visuals to strengthen claims or
message. People remember pictures better than words.

° Reach as many consumers as possible with as many
techniques as possible, budget allowing.

] Users need constant reminders of the need to conserve.

. School programs are sometimes successful when children

teach their parents/siblings water-saving habits.

A1l three of the demand side strategies, pricing,
reqgulation, and education, require the utility to forecast the
impact of the selected program on the amount of water conserved.
This 1is particularly difficult for pricing strategy. As
indicated before, the response of water consumers to a change in

price is measured by the "price elasticity of demand."

Predicting Response to Pricing

Price elasticity of-demand is defined as follows:

Elasticity Value = % change in water use
% change in price

The Elasticity Value 1is the way that economists measure
individuals' .response to price changes. Every individual and

every community will respond differently.



The Elasticity Value can range from zero to -o. It 1is
negative because the price of water and water wuse move 1in

opposite directions. For water some typical Elasticity Values

are:
Range
Total residential use -.05 to - .45
Indoor use -.07 to - .30
Qutdoor use -.22 to -1.57
Total Commercial/Industrial use -.56 to -1.33
The more responsive water is to a change in price, the more
negative the elasticity. For example, outdoor wuse 1is more

responsive (more elastic) than indoor use. Conversely, indoor

use is less responsive (less elastic) than outdoor use.

There are many factors which influence the price elasticity

of demand for water. Some of the important ones are:

Amount of price increase: the 1larger the increase, the

greater the response

Average user income: the higher the income, the less the
response
Price level: the higher the income, the less the response

on the part of users
-—- 22 --



Average number of people per household: the larger the

number, the less the response

Average rainfall and temperature: the more temperate the

climate, the less the response

In the case study, the elasticity values were assumed to be

as follows:

Shortfall Elasticities

Residential -.40
Commercial & Municipal -.70
Industrial -1730
A11 Users -.46
Summer . - -.80
Winter -.13

The elasticity values in your community should be similar
to these. As a utility manager you will have to estimate your
elasticity values after evaluating the factors which influence
price elasticity. For -example, if your community had a felatively
-1ow user dincome and an arid climate, you could expect that

the demand would be relatively elastic.

- 23 -



The following example demonstrates how to use elasticity
to forecast user response in the case study community. Suppose
you decided to raise the price of water in the case study community
by 10% to residential wusers. The following formula can be

used to determine the decrease in water use:

% change in water use = Elasticity Value x % change in price

-.40 x 10% = -4%
"or conversely, suppose that you decided you needed to determine

the price necessary to reduce residentidal water use by 10%. The

correct formula is:

% change in price % change in water use

Elasticity Value

[

'
—
o
®

A 25% idincrease in price is necessary to reduce consumption by

10%.

STEP (6), CHOOSE SPECIFIC HARDWARE AND TECHNIQUES

In this step, you select hardware/techniques that will

reduce water use in your community.

For supply management, the specific hardware/techniques will
depend on your individual system and preference. For example,
for metering, you will have to choose the type of meter for

installation and design a meter replacement/maintenance schedule.
-- 24 -



For leak detection and repair, you will have to choose a system
survey method. For example, you will have to choose between
aquaphones, geophones, or electronic surveys for leak detection.
For pressure reduction, you will need to select the brand and
size of the pressure reducing valves. Operate similarly for the

other supply management options.

There are 3 categories of hardware/techniques for Demand

Management Programs:

. water saving fixtures
. reuse/recycle systems
] user habit changes

Again, you need to review each technique to determine which

is most applicable to your community.

Water Saving Fixtures:

They reduce water use by modifying the design of a

conventional plumbing system.

Water-saving fixtures recommended:

) should be approximately equal in cost to conventional
fixtures
] should not require excessive maintenance

-- 25 --



° should reduce water use significantly

] should gain easy acceptance by consumers

There are many types of water-saving fixtures. Of more than
60 different types, the 20 most cost-effective fixtures are

detajled in Section Three.

Reuse/Recycle Systems:

They reduce water use by using the same .water more than

once. They are best for long-term, high percentage goals.

Reuse: Using the same water for more than one function with

1ittle or no treatment prior to discharge.

Recycle: Using the same water repeatedly, usually with some

treatment.
They are generally:

. very effective

) very expensive

Figure 6.4 in Section Three details the ten situations

in which reuse/recycle systems are used most.



User Habjt Changes

User habit changes are designed to reduce' water use by
changing the user's behavior pattern. They are best for

long-term, low percentage, and short-term, high percentage goals.
There are two basic behavior pattern changes:

® use less water to perform the same function

] perform the function less often

Developing a long-term or short-term education program is

the key to affecting user habit changes:

° users need information before they change their routine
behavior
0 users need constant reminders and reinforcement if user

-habit changes are to continue.

Figure 6.5 in Section Three matches some habit changes

with conservation goals.



STEP (7), SUMMARIZE CONSERVATION PLAN

To summarize your conservation plan, draw

results of the prior steps.
GOALS:

SUPPLY MANAGEMENT: HARDWARE AND TECHNIQUES
DEMAND MANAGEMENT: HARDWARE AND TECHNIQUES

- 28 --
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CASE STUDY COMMUNITY AND INSTRUCTIONS FOR
EXERCISE



CASE STUDY: SHORTFALL, MONEKOTA

Shortfall is a small city of 7,500 people, located next to
an intermittent stream, Corn Creek, 1in cental Monekota. The
population has been relatively stable for quite some time, and
significant new growth is not expected. Al1l of the people are
served by a central water supply system that was built in the
1930 's. Ninety percent (90%) of the services are metered; thé
major exception being the older central part of the city. This
part of the service area is a mix of residential, commercial, and
municipal users. Water pressure is fairly even throughout the
city, at about 60 pounds per square inch. The watér utility has
maintained the system consistency over the years, and it is 1in
generally fair condition. However, in the past few years, the
budget has been very tight and some programs such as regular Teak
detection and repair, main relining, and valve checks and main-

tenance have had to be dropped.

The source of supply is a series of five wells in the north-
west corner of town. These wells all draw water from the same
aquifer. The combined safe yield of these wells (safe yield is
defined for this case study as the amount of water which can be
annually withdrawn without permanent or long term depletion of
the source) 1is 432 million gallons per year (mgy), or an annual
average of 1.2 million gallons per day (mgd). The supply Jjust
meets the annual average demand of 1.2 mgd of'the city. . The
wells are designed to be pumped at higher than average rates

-29-



during peak use periods. In the summer, when peak wuse 1is
highest, the utility pumps water from the wells to the storage
tank on off-peak hours. The stored water is then used during
peak hours. With this pumping schedule, the utility can meet the
average summer daily demand of 1.7 mgd (212 mgy). The average
winter daily demand of .9 mgd (220 mgy) is easily met without

special pumping schedules.

The major water use categories are as follows:

Residential (1875 -- 342 mgy (.95 mgd) 79%
connections)

Commercial (and some muni- -- 18 mgy (.05 mgd) 4%
cipal, 60 connections)

Industrial (1 connection) -- 20 mgy (.05 mgd) 4%

Unaccounted-for water -- 52 mgy (.15 mgd) 13%

TOTAL -- 432 mgy (1.2 mgd)

The city serves as the agricultural supply and trade center
for the area. The one industrial connection in town is a long
established cheese processing plant that employs a significant

portion of Shortfall's residents.

Over the past few years, agricultural users outside the city
1imits have significantly increased their withdrawal of water
from the same aquifer that the city wells tap. This large
increase in use has caused a slow decline in ground water levels,

reducing reliable safe yields, and increasing water quality

-30-



problems. A new treatment plant is now needed in Shortfall to
treat the well water so that it remains usable. The city has not
been able to convince large agricultural users to reduce their

water use to slow the rate of ground water level decline.

The water utility is municipally owned, but it operates as a
separate entity. The city council oversees the entire operation:
the council must approve the budget, major projects, and rate
increases. As a separate entity, the utility must meet all its
own expenses through the sale of water. Traditionally, it has
not been subsidized by the c¢ity, except under very extreme
conditions. However, it also cannot make large profits because
it ultimately has to answer to the city council which does not
believe that large profits are in the public interest. Recently,
the council reluctantly approved a rate increase to meet the
expenses of the construction of the new treatment plant. The
rate is now a uniform unit rate of $.75 per 1000 gallons. This
rate generates- enough revenue to meet the annual costs of
$285,000 to run the utility. (The $285,000 budget includes the
new debt on the bond issues floated to pay for the treatment

plant). The annual costs are broken down as follows:

FIXED COSTS -- $190,000

VARIABLE COSTS -- $ 95,000 (or $.25/1000
- gallons produced)

TOTAL -- $285,000
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For the past few years, the entire region has suffered from
a severe drought. .This shortage of rainfall has made the
utility's problems worse. Peak use during the summer has been
higher than usual as people have used more water to compensate
for the lack of rain. Recharge to the ground water has been
reduced and ground water levels are declining faster than
“normal" as a result. The utility expects the ground water
levels to drop even further since the recovery of ground water
from the effects of a drought is very slow. Even if rainfall is
normal this year, water levels will probably not recover

sufficiently, nor be high enough to meet demand.

The water superintendent presented the current supply situa-
tion to the city council. They were concerned about the economic
effects of the drought and authorized the superintendent to look
for a new source of water. The initial search was disappointing.
No other aquifer in the area is large enough to tap for public
use; the aquifer that 1is currently tapped cannot withstand
another well or deeper wells because it is already being over
used. Purchasing water from adjacent users is not likely because
they too are experiencing drought conditions and declining ground
water levels, In addition, distances are great, making water
connections prohibitively expensive. Developing a reservoir at
Corn Creek 1is a possibility. However, the initial analysis
showed that the yield would be small, less than .25 mgd, and it
would not be dependable during a severe drought because of the

1nterhittent nature of the river flow. The cost of developing a

-32-



reservoir would be in the millions of dollars. An additional
rate hike of 100% would be necessary to pay for reservoir con-
struction. This .option is politically unacceptable to the city
council because they just approved a rate hike to pay for the

water treatment plant.

The water superintendent feels that something must be done
immediately to cope with the drought situation and the long-term
projected decrease in yields from the wells. The superintendent
estimates that the reliable safe yield of the wells, given that
they are overpumped and that the rainfall/recharge estimates are
lower now than when the system was designed, is really only 1.0

mgd, or 15% (65 mgy) short of the average annual demand.
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STEP ONE: IDENTIFY PROBLEM/ ESTABLISH GOAL

Read the case study describing conditions in Shortfall,
Monekota, a community of 7500 in the northern Great Plains.

A. Is there an average or peak demand problem?
B. 1Is there a long-term or short-term problem?

On the card marked "PROBLEM", write down the problem that
your group has just identified.

THEN, define the conservation goal in terms of the problem
you just described. .

A. What is the percent reduction required to solve the
problem? On the card marked "GOAL - percent reduction", write
down the NUMERICAL PERCENT REDUCTION. If it is from one to ten
percent, write it down next to "LOW"; if it is above ten percent,
write it down next to "HIGH".

B. Which general use category, average or peak, must be
reduced? On the card marked "GOAL - average or peak", check the
appropriate category.

C. How long must this reduction be maintained to solve the
problem? [f it is less than one year, check off short-term on
the card marked "GOAL - long or short-term". If use reduction is
required for more than one year, check off long-term on the card
marked "GOAL- long or short-term". :

REMEMBER, your goal may change as you progress through the
procedure.
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STEP TWO: ASSESS POTENTIAL OF SUPPLY MANAGEMENT

As ‘a group, discuss Shortfall's supply system and options to
determine if the potential to use supply management to solve the
problem completely or in part is high. If the potential for
supply management is high, then move to Step Three and evaluate
supply management programs in detail. If the potential for
supply management is low, move to Step Three and evaluate how the
problem can be solved with demand management programs.

Review the existing conditions of the water supply
system. Generally,- if a system has excessively high 1leakage
(over fifteen percent of total water delivered), then supply
management will have high potential.. Next, consider whether the
utility can afford the program. If the utility cannot afford the
program, can it obtain extra money to pay for the program? If
supply management were implemented, would there be any opposition
from the users or other local interest groups? Would there be
enough time to carry out the programs to meet the conservation
goal within a reasonable time?
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STEP THREE: ANALYZE COST-EFFECTIVENESS OF MANAGEMENT PROGRAMS

Two stacks of cards marked "SUPPLY MANAGEMENT" and "DEMAND
MANAGEMENT" detail a variety of conservation programs that could
be used in Shortfall. For each conservation program, the cards
contain information on the following:

A. The amount of water saved; and
B. Program impact on net revenues to the utility.

Review all the program options for "SUPPLY MANAGEMENT" if
supply management was determined to have high potential. Review
all the program options for "DEMAND MANAGEMENT" if supply
management has Tow potential. Place on the exercise sheet the
cards that describe the programs capable of meeting the
conservation goal - and revenue constraints. REMEMBER, you can
combine programs from SUPPLY MANAGEMENT and DEMAND MANAGEMENT as
well as combine individual programs within SUPPLY and DEMAND;
just add together water saved and net revenues to determine what
the total impact would be on the utility. The only exceptions to
the simple addition are the combination of the Pricing and
Regulation programs (DEMAND MANAGEMENT). These combination
programs are described separately on cards in the stack for
DEMAND MANAGEMENT. Combinations of pricing and regulatory
programs complement and support one another. Their combined
effects cannot be simply added together. The figures on the
combination cards for the amount of water saved and revenues
demonstrate this synergistic effect. At times the combination of
programs will bring about only a marginal increase in
conservation.

NOTE: You can choose only one option within a single
management program. For instance, you can choose only one Leak
Detection and Repair program, only one Pricing program, only one
Education program. The only exception is watershed management.

[f there are any other programs you feel are more
appropriate than those described, use the blank cards at the
bottom of the stacks to design your own program,
including estimated water saved and effect on revenues.
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STEP FOUR: ANALYZE IMPACTS AND MODIFICATIONS TO
ADVERSE IMP S MANAGEMENT PROGRAMS

After selecting a preliminary set of management programs
that are cost effective, analyze the social, political, and
legal-institutional impacts of these programs.

From the two stacks of cards marked "SUPPLY MANAGEMENT" and
"DEMAND MANAGEMENT", choose those cards that match the programs
you selected in Step Three and place them on the exercise sheets.

Review the impacts and modifications to the adverse impacts
that are 1listed on each card. Discuss the impacts and
modifications with the group and determine whether the
preliminary set of programs is still acceptable. If so, make any
appropriate modifications to the preliminary set of programs
suggested by the modifications - or any other modifications you
may feel are important. Put a check by those modifications you
are willing to make, or that apply.

If the preliminary programs are unacceptable, return to Step
Three and re-analyze the options.

NOTE : if there are any impacts that you feel must be
considered that are not listed on the cards, write them in the
blank spaces on each card. Or, if you designed your -  own

programs, use the blank impact cards at the bottom of the stacks
to describe their expected impacts and necessary modifications.



STEP FIVE: CHOOSE MANAGEMENT PROGRAMS

Choose management programs which can meet the goal most
effectively and which have the fewest adverse impacts. TAKE THE
APPROPRIATE CARDS FROM STEP THREE AND PLACE THEM IN STEP FIVE.

Review the programs to make sure the conservation goal is
met and the revenue constraints are not violated. [f either of
these conditions are not met, return to Step Three.

The management programs you select are one part of your
draft conservation plan.
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STEP SIX: CHOOSE SPECIFIC HARDWARE/TECHNIQUE

For SUPPLY MANAGEMENT, you would have to select the specific
brand name of equipment you need or determine exactly who will be
carrying out the work. This will NOT be done for this exercise.

For DEMAND MANAGEMENT, there are three groups of
hardware/techniques that reduce water wuse in homes and
businesses:

A. MWater saving fixtures
B. Reuse/recycle systems
C. VUser habit changes

Even though the purchase and installation of
hardware/techniques 1is up to the users, you may want to assist
them in selection, purchase, and/or installation of
hardware/techniques. Permanent use reductions are more likely to
result if the utility takes an active role in this phase of the
conservation program. Frequently, users do not purchase the best
equipment, or do not take the appropriate actions that will best
achieve the conservation goal. Therefore, use reductions may
diminish over time unless the utility provides guidance on the
implementation of hardware/techniques.

Review the cards marked "HARDWARE/TECHNIQUES" and discuss
with the group if the utility should take an active role in
assisting wusers in the 1implementation of hardware/techniques.
Choose the role that you feel 1is most appropriate and place the
card on the exercise sheet. REMEMBER, if the chosen program has
costs associated with it, make sure the utility has enough money
to pay for it (see Step Five, net revenues). If not, you may
want to revise your management programs.

The hardware/technique you select is the second part of your
draft conservation plan.
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STEP SEVEN: SUMMARIZE CONSERVATION PLAN

As a group, review the draft conservation plan you designed
in STEPS 5 and 6. Make sure that: 1) the program can
effectively meet the conservation goal, 2) the adverse impacts
associated with each program will not make the program
unacceptable, and 3) the plan does not violate the revenue
constraints.

If all these conditions are met, then your draft plan will
be your final plan.

[f any of these conditions are not met, review your draft
plan and return to STEP 3 (or STEP 6 if hardware/technique is the
only problem) and modify the plan.

What part of your conservation plan is most 1likely to run
into political difficulty? Do some contingency planning. As a
group, identify the most vulnerable part of your program, and
develop an -option should the city council reject this program
element. Be prepared to discuss this topic, and all of the
decisions your group made in developing its plan, in the next
part of the workshop.
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APPENDIX A

Sample lecture



Water Conservation Lecture

During the summer of 1980, the community of SEWARD, NEBRASKA
lost the use of one well entirely, and had to drastically reduce
the use of two others. This left Seward with only six wells. The
sources of the problem were many -- a summer with unusually high
temperatures and low rainfall, an increase in outdoor and agri-

cultural irrigation uses, and steadily increasing population.

What were the town's options in the near term, as well as

the long term?

- Reducing the consumption through education, regulation

or pricing?

- Improving the supply system through leak detection and

repair, or metering or meter maintenance?

How should various options be evaluated, and the soundest

techniques and devices chosen?



What is the logical sequence for making decisions leading up
to choosing hardware and techniques that solve problems, are accept-

able to the community, and meet the town's goals?

The answers to these questions are the basis of the water

conservation project.

Whether the problem is long term or short term, peak or aver-
age, in Kansas City, MO. or elsewhere, the 7-step planning approach

applies.

Based upon interviews conducted with water supply managers
and planners and a literature search, the project represents the
first effort to develop a mechanism specifically to achieve water

conservation.

For some of you, the entire methodology will prove useful.
Others of you will find value in just several of the steps. Take
from it what you can use. Our basic assumption is that you have a
shortage of water, and water conservation is one viable option to

solve your problem.
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The planning approach is designed to help you to:

) consijder the full range of options

) evaluate the advantages and disadvantages of various
options

(] assess the potential impacts of each option on your

utility, the users and the community

As in any planning methodology, terminology 1is important,

and we will spend some time describing the use of various terms.

Also, public participation can play a major role in the
successful development and implementation of a water conservation
program. While we won't spend much time on public involvement
techniques, remember that public participation should begin with

the problem identification stage.

The first slide contains an outline of the planning steps.
Let me run through it quickly to give you a sense of the

approach, then we will go through the seven steps in detail.

The first step is to analyze the problem and establish a

conservation goal. There are three aspects of this first step:

1. Evaluating whether the community has an average demand

problem or peak demand problem;



2. Establishing the percent reduction needed; and

3. Deciding whether the problem is long-term or

short-term.

The next step requires an analysis of whether your goals can
best be met at the supply end--making improvements in the water
supply system -- or in the demand or consumption side of the

system, or a combination of both.

The third step <calls for you to analyze the <cost

effectiveness and impacts of various management options.

On the supply side, you analyze 5 management programs:

- Metering and meter maintenance
- Leak detection and repair

- Pressure reduction

- Watershed management

- Evaporation supression

If you choose to work on the demand side, the third step in
the approach calls for analyzing the impacts of one of three

tools to reduce water consumption:

® Price - an economic incentive, encouraging users to
conserve to save money

U



) Regulation - a legal incentive which requires users to
conserve to comply with the law

. Education - a voluntary incentive which seeks to change
behavior or attitude through information and

explanation

You may choose to mix price, regulation, and education to
develop a successful program. Experience has shown that
education plays a crucial role in raising the effectiveness of

the other incentives, especially in a crisis situation.

It is important to explain the situation to consumers,
describe the action being taken or proposed, and explain what

consumers should do and why these actions are necessary.

In Step 4, you consider ways to avoid or minimize any
adverse impacts evident 1in .the supply and demand management

programs you are reviewing.

In Step 5, you choose and design the specific supply and/or

demand management programs you will use.

For demand management programs, this includes choosing new

water rates, water use restrictions, or educational materials.

In Step 6, you choose devices -- the actual hardware or

techniques -- that physically reduce water use.



For supply management, the hardware/techniques include the

five (5) programs already mentioned. For demand management, they

include:
° water saving fixtures
° reuse/recycle systems
° user habit changes

Supply devices can be used alone, or in conjunction with a

demand program.

In the final step, you combine the results of your various
analyses and decisions in the form of an implementable water

conservation plan.

Let's look at the seven step approach in depth. I will

present steps 1 - 4 now, and 5 - 7 after lunch.



STEP (1), IDENTIFY PROBLEM/ESTABLISHING A CONSERVATION GOAL. This

is the key to the planning procedure because all decisions are
based on whether the various alternatives under consideration can

meet the goal.

The goal is defined by 3 factors or needs:

1. peak and/or average use has to be reduced
2. high or low percentage reduction in use is needed, and
3. short or long-term time span

Peak use refers to the summer average daily use caused by

outside uses. Average use refers to the annual average use.

When stating percentage reductions, 1-10% is considered a

low percentage reduction, over 10% is considered high.

A short-term time span is approximately one year or less,

while long-term is a year or more.

STEP (2), CHOOSING A SUPPLY AND DEMAND MANAGEMENT PROGRAM.

This step 1is conceptually straightforward. Yet it requires

considerable analysis and planning.

The goal of supply management is to improve efficiency and
reduce waste within the production and delivery system. It is

often the best long-term option because conservation goals are



met without depending on water users. While this 1is standard
operating procedure for a well-run utility, sometimes a water

supply problem can be solved through better management alone.

Supply management 1is best used for long-term, low percent
reduction goals. It may be useful for short-term goals if your
system has not been adequately maintained over the years. It may
also be useful for peak use reduction if the problem is caused by

inadequate storage or pipe capacity.

Some of the advantages of supply management include:

) the program is under your direct control
° revenues can increase
] slack is maintained in system

Some of the disadvantages of supply management include:

® lTarge capital expenditures
) the options are labor intensiveness
° a long lead time

Your analysis may require much time or 1little time,

depending upon past studies and experience. Supply management



yields long-term improvements in the system. Costs are high,
though the "crisis mentality" created during a period of water
shortages may help to build a potential constituency in favor of

long-term changes, even if they prove costly.

If supply management is not adequate to achieve your
conservation goal established in Step 1, then consider demand
management. Demand or consumption management requires water
users to modify their behavior and reduce consumption in a home
or business setting. It has the potential to achieve any

conservation goal.

In general, the advantages include:

° Versatility

] Low expense (potential)

° Less labor intensive

° More rapid implementation

The disadvantages include the possibilities that:

] Revenues may drop

® Results dependent on users' cooperation
° Political support required

) Opposition or resistance from users



STEP (3), ANALYZE THE COST EFFECTIVENESS AND THE IMPACTS OF

VARIOUS SUPPLY AND DEMAND MANAGEMENT OPTIONS

For supply management, there are five (5) programs:

. Metering and meter maintenance
° Leak detection and repair

° Pressure reduction

° Watershed management, and

° Evaporation supression

This type of supply side analysis is not unique to water
conservation. Many of you do this as a matter of good management
practices. What is unique, however, is a recognition of how to
use improved supply management as a way to meet water

conservation goals.

Metering

Metering itself does not reduce water consumption. It
provides an accurate accounting of all the water used throughout
the system, This information 1is needed for planning leak
detection and repair programs, pricing programs, and other
conservation efforts. If the utility decides to install new
meters for all 1its wusers, and 1in conjunction, 1implements an
appropriate water rate, a long-term reduction in water

consumption can be realized.



Leak Detection and Repair (LD&R)

LD&R can substantially reduce water waste within the system.

LD&R also includes unaccounted-for water analysis.

Some categories of unaccounted-for water include abandoned
services, inaccurately metered water, illegal hook-ups, and

defective hydrants.

There are two basic methods of conducting surveys: if your
system is 1losing water primarily through leaks, a system scan
would be most effective; if your system is Tosing water through
illegal hook-ups, or meter under-registration (e.g.,

unaccounted-for water), a water audit would be most effective.

Leak detection and repair programs are almost always
cost-effective. They are best for long-term, low percent
reduction goals. If the system has not been well maintained,
leak detection might achieve a high percentage reduction goal if

used as a conservation technique.

Pressure Reduction

Consider pressure reduction if there are a significant

number of areas where pressure is high (80 1b/sq in. or greater).



Pressure-reducing valves installed in street mains or
individual services can reduce waste simply by reducing the
amount of water passing through the system. Pressure reduction
is used for meeting long-term, low percentage reduction, average

use goals.

Watershed Management

Watershed management is used primarily to protect or
increase water flows to the supply and to protect ground water
sources. Techniques include: (1) forestry management (thinning
forests in the watershed); (2) zoning ordinances to prohibit
inappropriate land uses within the recharge area; (3) purchasing
surrounding watershed land to maintain it under your control; and
(4) sub-division regulations which allow development to proceed
in a manner which does not harm the watershed. Watershed
management 1is most useful for meeting long-term, low percentage

reduction, average use goals.

Evaporation Suppression (reservoir covers)

Evaporation suppression is only useful when evaporation is
responsible for significant water loss (greater than 10%). It is

used in more arid places.



The impact analysis for each supply management program

entails a review and analysis of the following impacts:

e Financial and economic,
o Technical and environmental, and
] Legal and institutional

In your handbooks, Figure 3.2 details a set of impacts that
may occur as a result of wundertaking the different supply
management programs. The kind of information you'll see is shown

on this slide. (Point out how info 1is presented then read

example).

Use the 1ist of impacts as a guide, and concentrate only on

those that are relevant to your setting.

Now let's turn to demand management programs. Here, you
analyze the cost effectiveness and the impacts of various demand

management options.

In demand (consumption) management programs, you have a

choice of three tools to encourage users to reduce their use:

* Pricing
() Regulation, and
° Education



In many cases, you will combine the three tools.

A1l three programs can be relatively inexpensive to

implement.

Pricing - If a pricing program is carefully designed, it can
generate excess revenues while it encourages use reductions.
Therefore, it should be considered as part of many conservation

programs.

Pricing is best used for long-term, low percent reduction

goals.

The costs of a pricing program are mostly one time costs.
These costs will be for a rate survey, or cost of service study,
possibly <costs to institute a new billing system, and, if
regulated, costs for an attorney or someone to present your new

rate before the public utilities commission.

The major disadvantage to pricing is user opposition,
especially from industry, local government, and the public

utility commission.

Regulation - This program can be wused to achieve any
conservation goal. It is most effective for short-term, high and

low percentage reduction goals, and 1long-term, low percentage



reduction, average or peak goals. Regulation can be quickly

implemented and can achieve immediate results.

Costs to implement requlation are 1limited to <costs of
enforcement. I[f you do not have the authority and/or manpower
for enforcement, you may have to secure the assistance of the

police department or the local government.

The major disadvantages to using regulation are that
revenues will decrease as consumption drops and some users may

oppose limitations on how they can use their water.

Education - Education programs can help any conservation
program because education is generally well received by the
public and can reduce user opposition to other programs. It is
effective for any goal, except 1long-term, high percentage

reduction goals.

The major disadvantages to education are that revenues may
decrease as consumption decreases, and results are less reliable

than other programs because of its voluntary nature.

Impacts - The types of impacts for demand management

programs include:

. What a change in revenues, up or down, will mean to the

utility or company;



. How a change in water rates might affect high volume
users, including potential impact on employment;

. What the effect of reduced water use, such as reduced
wastewater treatment costs, postponing new source
development, potential damage to landscaping, and
increasing the potential for adding new connections,
will have on the utility or company;

) How the public will react to the conservation program,

and to the perceived equity of the program;

] What it will cost to implement the program; and
. How laws, regulations, or ordinances create or 1limit
options.

In your handbooks, we have included tables (figures 3.4 -
3.7) that Tist most of the impacts for demand management. Let's
look for a moment at a sample impact table for demand management

programs. (Read info on slide).

STEP (4), IDENTIFY ACTIONS TO MODIFY ADVERSE IMPACTS

In Step 3 you identified the impacts of various supply and
demand management approaches. In Step 4 you identify actions
which can minimize the adverse impacts associated with -each

program, and then choose the best program.

Figures 4.1 and 4.2 in your handbooks 1ist potential actions

you could take to minimize these adverse impacts.



Let's 1look at samples of the charts on ways to modify

impacts to see how they are structured.

(Show chart page as examples; point out several examples.)

(Supply, i.e., inadequate funds -- need more revenues --
increase price, i.e., cannot meet goal -- consider demand

management.)

(Demand i.e., community opposition -- develop education

program, revenue loss due to conservation, increase price).

We have now Tooked at steps 1 - 4 in some detail. Between
now and lunch, work as a group on steps 1 - 4. The instructions
are in your workshop materials. (The bright green book with the
plastic binding.) The workshop faculty will be stopping
by your tables periodically to answer questions. You may not
complete step 4 before lunch, but don't worry about finishing.
After lunch, I will present steps 5 - 7 in detail. You will then

have time to pick up where your group has left off.

STEP (5), CHOOSE SPECIFIC SUPPLY AND/OR DEMAND MANAGEMENT

PROGRAMS

Step (5) 1is the place to begin detailing the specific

elements of a conservation program.



Let's start with the supply side.

Once you have analyzed the cost-effectiveness, impacts, and
modifications of the impacts of supply management programs,
you'll be able to select programs most effective for your
community. Review each supply management program again to be
sure that it has the potential to achieve the conservation goal
you have established. After this review, proceed with Step 6 -
Evaluate and Select Hardware/Techniques for the supply management
programs' specific equipment or plan. This step is much more

involved for demand management.

After you have completed the analyses in Steps 3 and 4,
choose the programs that are the most cost effective and have
most beneficial impacts. Step 5 is the place to begin detailing
the specific elements of a conservation program. On the demand

side, this includes:
Pricing: establishing a new water rate
Regulation: <choosing water use restrictions
Education: choosing education tools/devices/campaign

materials

Now, I will address each program in detail.
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Pricing - There are two aspects of a pricing policy: the
price level (price per unit) and price structure (price 1level

variations based on time, quantity and/or type of use).

Price level is more 1important because only when the price
level is high enough -- regardless of structure -- will wusers

consider how they are using water and conserve.

There are six basic steps for designing a new water rate.

A. The first step is to determine the goal for percent
reduction; for example, 5% or 10%.

B. Estimate the decrease in water wuse by consumers in
response to price increases. This change 1is termed
“price elasticity of demand". e will discuss this
concept in more detail later.

C. Determine the percent change of price necessary to

achieve your goal.

D. Calculate the new total revenue, as a result of the new
price.
E. Compare the new total revenues to your annual costs

(remember, variable costs will drop as water use
drops).

- if revenues too high, may need a lower price

- if revenues too low, may need a higher price
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