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PREFACE

This guidebook is written to help Federal facility managers comply with
the Energy Policy Act of 1992 and the recent Executive Order “Energy
Efficiency and Water Conservation at Federal Facilities” and initiate compre-
hensive water conservation programs within their own facilities. Federal
facilities are now required to assess their water use, examine available and
appropriate water conservation products, and retrofit or replace existing equip-
ment to make it more efficient.

Although this guidebook directly addresses water management, it indirectly
addresses energy consumption as well: Using less water saves the electricity
needed to heat, cool, treat, or move water, thereby cutting energy use and
reducing harmful emissions from the burning of fossil fuels.

The chapters of this guidebook, when followed sequentially, are designed to
help facility managers develop an overall water management plan tailored to a
specific facility.

Chapter 1, Water Management for Federal Facility Managers, offers
background information about GSA water consumption and identifies some of
the characteristics affecting water use in Federal facilities.

Chapter 2, Developing a Water Management Plan, looks at the eight steps
in the water management planning process. This chapter gives the background
you need to evaluate your facility’s needs, from developing and financing the
plan to implementation and monitoring.

Chapter 3, Water Management Options, explores and evaluates water
management options. It describes currently available techniques and equipment
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to improve water efficiency, focusing on devices that require less water for the
same job.

Chapter 4, On-Site Wastewater Recycling, addresses another method of
improving your water management: recycling water used on-site (for example,
water used to flush toilets and water from sinks). Recycling can provide signifi-
cant water and cost savings in most types of buildings.

Finally, the appendices supplement the steps to a water management plan
with sample energy survey worksheets, discuss selected regulations affecting
conservation programs, and provide a glossary of terms relating to water effi-
ciency programs.
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- WATER MANAGEMENT

I n 1992 Congress passed the Energy Policy Act. This law requires each
government agency to install in Federal buildings all energy and water
conservation measures with payback periods of less than 10 years. This law also
requires that these improvements be made not later than January 1,2005.

Additionally, on March 8,1994, President Clinton signed the “Energy
Efficiency and Water Conservation at Federal Facilities” Executive Order,
which reiterates the Federal Government’s commitment to energy and water
management. The Executive Order establishes specific deadlines for Federal
water management efforts and outlines goals and reporting requirements (refer
to “Requirements under Executive Order 12902, ‘Energy Efficiency and Water
Conservation at Federal Facilities’ ).

For Federal facility managers, the task is clear. You must conduct a compre-
hensive facility audit of your building’s water use, examine available water
management techniques applicable to your building, and then implement and
monitor these measures. These measures must all be cost-effective, with a
payback period of 10 years or less. In other words, the cost of the water man-
agement option —replacirgn old toilet with a new, ultra-low-flow model, for
example —mugke repaid in water and wastewater treatment cost savings
within 10 years.

To assist you in complying with the new law and Executive Order, this
guidebook will provide you with an overview of the principles of water man-
agement, specific steps on developing, implementing, and monitoring a water
management plan, and descriptions of water management technologies.

OR FEDERAL FACILITY MANAGERS
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facilities
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Requirements under Executive Order 12902,
“Energy Efficiency and Water Conservation at Federal Facilities”

On March 8, 1994, President Clinton signed Executive Order 12902,“Energy Efficiency and Water
Conservation at Federal Facilities.” The Order requires Federal facilities to assess and, where cost-
effective, implement measures to improve the efficiency of Federal energy and water use. A cost-
effective measure is defined as one having a payback period of 10 years or less, as determined by using
the methods and procedures developed pursuant to 42 U.S.C. 8254 and 10 CFR 436.

Each Federal agency is to develop and implement a program to reduce energy consumption in
Federal buildings 30 percent by the year 2005—relative to 1985 energy use—to the extent that
measures are cost-effective. (For Federal industrial facilities, the goal is a 20-percent reduction, relative
to a 1990 benchmark.) While no specific targets are set for reductions in water use, water-conserva-
tion measures are required where they are cost-effective.

The Department of Energy (DOE) will take the lead in implementing the Order through the
Federal Energy Management Program. DOE must also make available by September 3,1994, a national
list of companies providing water services and a list of qualified energy service companies. The
Interagency Energy Policy Committee (the 656 Committee) and the Interagency Energy Management
Task Force (the Task Force) will coordinate the implementation of efficiency measures among federal
agencies.

Each Federal agency responsible for managing Federal facilities must perform a prioritization survey by
September 1995 on each facility that agency manages. A prioritization survey is a rapid facility
assessment “to identify those facilities with the highest priority projects based on the degree of cost
effectiveness.” The prioritization surveys will also establish priorities for conducting comprehensive
facility audits. In other words, although all facilities must receive both a prioritization survey and a
comprehensive facility audit, the prioritization surveys determine which facilities receive comprehen-
sive facility audits first. A comprehensive facility audit must include the following information:

m The type, size, energy use, and performance of the major energy-using systems and their
interaction with the building envelope, climate and weather influences, usage patterns, and related
environmental concerns.

m Appropriate energy and water conservation maintenance and operating procedures.

m Recommendations for the acquisition and installation of energy conservation measures, including
solar and other renewable energy and water conservation measures.

m A strategy to implement the recommendations.

By March 8, 1995, agencies must identify, based on the prioritization surveys, their most high-priority
facilities and complete at least 10 percent of the comprehensive facility audits on those facilities.
Within 180 days after completion of the comprehensive facility audit, a facility must start to imple-
ment recommendations for energy efficiency, water conservation, and renewable energy technologies.
Thereafter, an agency must perform comprehensive facility audits on at least 10 percent of its facilities
eachyear.

Each Federal agency must report annually to DOE and the Office of Management and Budget on
progress toward meeting the goals of the order. Agencies are encouraged to use innovative funding
mechanisms, including demand side management programs, shared energy savings contracts, and
energy savings performance contracts. By September 3,1994, GSA must prepare and make available
to Federal facility managers a list of all utilities that offer “no-cost” energy efficiency and water
conservation audits and demand side management services and incentives.

1-2
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Benefits of Water Management

The United States consumed 408 billion gallons of water per day in 1990, more
than double the daily rate in 1950 (Figure 1-1). Daily individual water use in
the United States is also high compared with other industrialized nations (more
than twice that of France and Germany, for example). Do we need to use so
much water?

Historically, clean water has been regarded as an inexhaustible and inexpen-
sive resource. However, recent events, such as droughts in certain parts of the
United States, outbreaks of contaminated drinking-water supplies, and con-
cerns over depleted aquifers and overdeveloped rivers, have led us to realize that
it is better to use what we have more efficiently than to seek out new sources of
supply or build more wastewater facilities.

Wise use of this precious resource ensures that clean water supplies will be
available for future generations. Also, by reducing our water consumption, we
in turn reduce the energy needed to treat, heat, and cool water. Less energy
required means fewer emissions from powerplants and greater pollution preven-
tion.

Figure 1—1U.S. Water Consumption in 1950 and 1990.
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Water management can also lead to significant dollar savings. For example,
just fixing a leaking faucet can save 36 gallons of water per day. Replacing that
same faucet with an automatic-shutoff control that delivers a limited flow of
water for a limited time can save about 5,000 gallons of water and reduce a
water bill by roughly $50 per year. Savings dramatically multiply when they are
expanded beyond a single building. For example, the Boston metropolitan area
reduced its water use by 16 percent through a comprehensive retrofit, water
audit, leak detection, and education program.’

For all Federal agencies, which collectively spend more than $500 million
annually on water and sewer costs," the potential savings are enormous. For
GSA, with more than 7,700 facilities, the savings potential is equally impressive
and presents a significant challenge.

Factors Affecting a Building’s Water Consumption

Building Design

Water use is greatly affected by the type of building, its characteristics, and the
type of site on which it is located. The water demand of a warehouse, for
example, is markedly different from that of an office building.

Building design is a key determinant of both energy and water consumption.
The building’s envelope or shell (walls, ceilings, and floors), heating, ventilat-
ing, 2nd air-conditioning systems, and lighting design determine indoor
humidity and comfort, all of which have a direct and indirect impact on water
use. Likewise, the number and conservation potential of water fixtures (for
example, toilets, urinals, faucets, and showers) have a direct effect on water use,
as does the building’s amount of landscaped area.

Building Size versus Use

The size of a building, measured either in gross square footage or occupiable
square footage, is not always a reliable predictor of water consumption. In many
cases, occupancy and use are better predictors of water consumption. Ware-
houses and office buildings of the same square footage generally have different
designs, occupancy, and functions, all of which lead to differences in water
consumption. According to GSA, for example, the average GSA warehouse
consumes only one-third the water of the average office building but contains
more than 2.5 times the floor space. This is because a greater percentage of
space in the warehouse is used solely for storage — meaninthat there is less

1Levy, P.F., and W.A. Brutsch. MWRA Long Range Water Supply Program. (Boston, Mass.:
Massachusetts Water Resources Authority, 1990).

2Arnold. M.L and D. Gray. Water Effciency in Federal Facilities and Programs. (Washington, D.C.:
Environmental and Energy Study Institute, 1993).
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space that needs to be conditioned and fewer people in the building to use
water.

Climate and Geography

Climate and geography have major effects on water use, from stimulating the
need for air-conditioning in the summer and requiring heat in the winter to
determining how drought-resistant shrubs and turf may be used for landscaping
the building grounds. For new construction, to maximize water efficiency,
facility architects should consider geography when planning a building’s design
and landscaping. All other factors being equal, the warmer or more arid the
climate and geography, the greater the water use.

Federal Facility Water Consumption

Because water management in Federal facilities has not received the same
attention afforded energy management, very little information is available on
water use and demand in Federal facilities. Even at GSA, the number and
variety of buildings complicate any effort to track water use. Further, leases
themselves often obscure water consumption data. A 1992 Federal building
review by the Environmental and Energy Study Institute found that many
Federal facilities have their water bill paid as part of their lease. So in many
instances, there is simply no separate water bill that shows water consumption.

For example, GSA currently directly pays utility bills in facilities covering
about 258 million square feet of space. These facilities include office buildings,
courthouses, post offices, warehouses, border stations, and other buildings
nationwide (Figure 1-2). The greatest water consumption occurs in Federal
office buildings, followed by Federal courthouses, the two building types that
comprise the majority of all GSA facilities.

However, while no comprehensive database exists to track water use in many
Federal facilities, the Public Buildings Service, a branch of GSA, does maintain
records from GSA facilities that submit their water bills directly to regional
offices for payment. These regional records, in turn, suggest important water-
use trends in GSA facilities. Some of these trends are highlighted in the
following section.

GSA Water Consumption

A look at GSA regional water use for November 1992 reveals the following:

m The typical regional facility (excluding the National Capital Region, or
NCR), which contains 188,000 square feet and has an average occupancy of
450 people, consumed from 210,000 gallons (Southeast Region) to 763,000
gallons (Great Lakes Region). Most regions showed an average monthly
consumption per facility between 300,000 and 500,000 gallons.
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Figure 1-2. GSA Region Map.
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m The average NCR facility is significantly larger and more populated than the
average regional facility. Further, because NCR facilities are located in and
around the Washington, D.C., metropolitan area, they receive far more
visitors than facilities in other regions. In November 1992, NCR facilities
consumed as much as nine times the water as their regional counterparts.

Existing data for all GSA occupancy and uses are limited in that visitors, who
have both direct and indirect impacts on total water consumption, are difficult
to account for.

Because no comprehensive information on water use in GSA facilities exists,
it is difficult to determine the quantities of water used for different applica-
tions. However, looking at similar plumbing product use in commercial
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buildings gives an idea as to what the breakdown might be (Figure 1-3).An
understanding of how characteristics such as physical features, occupancy and
use, and climate and geography affect water use further helps to round out the
profile of GSA water consumption.

Principles of Water Management

Developing a water management plan is logical and follows an established
sequence of events. Water management, however, is more than just conducting
a cost-benefit analysis and preparing a report. Successful water management
benefits from a holistic approach, one that not only considers the technical side,
such as installing efficient fixtures and making operation and maintenance
modifications, but also the human side, such as changing longstanding behav-
iors and expectations. It also requires that facility managers look at managing
water use so that they comply with the law, make cost-effective decisions, and
can document their environmental savings.

The following general guidelines will help you develop a comprehensive,
effective water management program:

m\Water management techniques fall into three general areas: first, reducing
losses (for example, fixing leaky faucets and pipes); second, reducing the
overall amount of water used (for example, using low-flish toilets and
automatic shut-off faucets); and third, reusing water that would otherwise be

Figure 1-3.Water Use in Commercial Buildings.
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Saurce: Helping Businesses Manage Water. (Denver, CO: American Water Works Association, 1993)
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discarded (for example, treating water from sinks and toilets for use on
landscaped areas).

Water use does not exist in a vacuum. Conserving water within a building
also affects other building systems. For example, reducing the amount of hot
water used in a dishwasher would also reduce the amount of electricity
needed to heat that water.

The true and total cost of water is not just the amount on the water bill, but
also includes the cost to heat, cool, treat, and pump it to where it is needed.
It also includes sewage costs.

An effective plan is one that fully outlines not just how much water is used,
but how it is used and by whom.

The plan should address both the supply side and the demand side — iather
words, do not just focus on building occupants; also work with your water
Utility.

Your water management plan, to a large degree, will only be as good as the
data you collect in order to develop it.

Implementation should be done in phases, starting with obvious, low-cost
options.

Keep in mind that state regulations are sometimes more stringent than
Federal regulations (see Appendix B for specific Federal, state, and commu-
nity regulations).

Options should be evaluated based on life-cycle costing, not just by consider-
ing the initial investment.

The building’s management must be committed to water management if
they want to convince occupants that their actions make a positive difference.
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DEVELOPING AWATER
- ... MANAGEMENT PLAN

A successful water management program begins with the development of a
comprehensive water management plan. This plan depends on a clear
and complete understanding of how a facility uses water, from the time it is
piped into the building to its ultimate disposal or reuse.

Given that water use can vary greatly from one Federal facility to another,
each facility should be surveyed to identify its water consumption characteris-
tics. The facility survey helps you to determine the total cost ofyour building’s
current water use. Knowing how you currently use water and what it costs
enables you to make the most appropriate water management decisions.

This chapter details the steps involved in developing a successful water
management plan. They are as follows:

m Step 1: Gather information

m Step 2: Conduct a comprehensive facility survey

m Step 3: Explore and evaluate water management options

m Step 4: Conduct life-cycle cost analyses and explore financing options
m Step 5: Develop a water management plan and a work schedule

m Step 6: Inform building occupants about water management

m Step 7: Implement the water management plan

m Step 8: Monitor the water management program

A successful water
management
program depends on
a clear and complete
understanding of how
a facility uses water,
and the total cost of
that water
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Step |: Gather Information

Before starting your survey, collect as much existing information as possible.
The people who are familiar with daily facility operations, especially operating
and maintenance personnel, can be very helpful in this step. Some information
will be readily available, while other data will take some time to collect. (The
worksheets in Appendix B should be helpful here.) Specifically,gather the
following:

Building floorplan and plumbing drawings and schematics.

Typical facility operating schedules, number of employees and visitors, and
maintenance and janitorial work schedules.

Lists of all water-using equipment with the manufacturers' rated flowrates.
Number of plumbing fixtures (toilets, urinals, and so forth).

Outdoor water use applications, quantity, and schedule.

Any prior water and energy surveys.

Names of energy, water, and wastewater utilities.

Water and sewer bills for the past 2 years.

Anticipated water and sewer billing rates for the next 2 years, ifavailable
from the utility.

Records that show actual water use for the last 2 years, from both source
meters and submeters, and including any water meter calibration test results
so you can adjust past meter readings to reflect actual water use.t

1pike, C.W.. etal., Water Efficiency Guide for Business Managers and Facility Engineers (CA: The
Resources Agency, State of California, 1993). p. 24, 25; A.S.S.E Water and Conservation Guidelines,
(Cleveland, OH: American Society of Sanitary Engineering, 1987).
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Step 2. Conduct a Comprehensive Facility Survey

After you have collected the information outlined in Step 1,you are ready to
begin the survey. The exact extent of a water survey will depend on the size of
the building, the complexity of its systems, and the survey budget. The more
comprehensive the survey, the greater the value of the resulting water manage-
ment options and cost savings (refer to “Sample Water Survey Results”).

The Survey Team

The first step is to assemble a team of professionals and identify their functions.
Your survey team may consist of a combination of the following:

m Representatives from your facility’s management.
m The director ofthe physical plant or the chiefoperating engineer.
m A representative from the maintenance department.

m Design or water management consultants.

m Qualified contractors who specialize in plumbing and mechanical, landscape, Themore
or other water management fields (refer to “Selecting a Contractor”). comprehensivethe
. . o . survey, the greater
Depending on the policies of your local water utility, a representative may or the value of the
may not wish to be involved in the on-site inspection portion ofthe survey. A resulting water
utility survey should be conducted separately (see Utility Assistance section). management options

and cost savings

Conducting the Survey

Once you have your survey team assembled, you are ready to begin. A detailed
survey should include the steps outlined below:

m Walk through your facility, and through direct observation and measure-
ments, identify and listall equipment that uses water: faucets, toilets,
showerheads, drinking fountains, kitchen equipment, water-using process
equipment, cooling towers, heating boilers, and so forth. Note any discrep-
ancies with information gathered during the previous step.

m Compare floorplans and plumbing drawings and schematics with actual
conditions. Plans are often outdated; plumbing fixtures noted in plans may
have been removed or disabled, and new fixtures may have been added after
the drafting of the original plans.

m Record hours of operation for plumbing fixtures, devices, and all water-using
processes or pieces of equipment. Note if a particular fixture, device, or piece
of equipment uses water for more than one operation. Ice makers, for
example, use water both for making ice and for cooling. When possible,
determine actual schedules of plumbing fixture use by talking to operating
personnel familiar with the building use.
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Sample Water Survey Results

The objective of a water survey is to investigate the condition ofcurrent plumbing fixtures and to develop
recommendations for water management measures that could be implemented without adversely impacting
the safety, comfort, or productivity of building tenants.

This survey was performed at the four-story Van Nuys Federal Building and Post Office, which houses

about 959 employees and is located at 6230 Van Nuys Blvd. in Van Nuys, California. It revealed that

most of the plumbing equipment is the original equipment installed when the building was first

constructed in 1974. Specific results of the audit are as follows:

m Fifty-nine 4.5-gallon-per-flush (gpf) toilets in the men’s and women'’s restrooms can be replaced with
1.6-gpf toilets, saving approximately 3,216 gallons per day (assuming 670 people use the toilets twice

aday).

m Fourteen 3-gpf urinals in the men’s rooms can be replaced with 1- gpf urinals, saving approximately
1,160 gallons per day (assuming 290 people use the urinals twice a day).

m Forty-six 2-gallon-per-minute (gpm) faucets can be retrofitted with 0.5-gpm aerators, saving
approximately 1,598 gallons per day (assuming 959 employees use the faucets twice a day at an

average flow period of 25 seconds).

m Angle stops, supplies, and grid drains on the faucets can be replaced to cut down on maintenance
costs and prevent leaks.

m Battery-operated flushing controls can be added to flush toilets automatically when the seat cover is
lowered.

m Existing cooling tower performance can be improved.

The Building Life-Cycle Cost Analysis 4.0 computer software was used to perform a comparative
economic analysis ofthe project. The results from this analysis are as follows:

m Simple payback and discounted payback occur in 8 years.
W Savings-to-investment ratio is 6.39.

m Adjusted internal rate of return is 10.88.

m Life-cycle net savings is $84,929.

The project also will comply with a City of Los Angeles mandate that requires existing fixtures to be
replaced only with low-consumption models.
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SelectingaContractor

When making the decision to hire a contractor to help with your water management program, keep
the following in mind:

m Does the contractor have all of the appropriate licenses to do the work?

m Does the contractor have previous experience both in the area in which you seek expertise and in
working with a facility similar to yours in size and function?

m Is the contractor a team player? Can this person cooperate with others of different specialties?

m Does the contractor have a solid reputation and references from prior clients? (You should
specifically ask for references from organizations with facilities similar to yours and from those who
had similar work performed; you will want to ask these references if the work was performed on
schedule, within budget, and as promised.)

m Is the contractor affiliated with a professional trade association? Does the trade association have any
comments or complaints about the contractor?

Finally, as with all people you interview for a project, you will want to select the best person for the
job—the contractor who offers you the most competitive overall package, including labor rate,
product recommendations, experience, warranty for work, skill and craftsmanship level, and commit-
ment to quality.

m Verify operating schedules and the number of building occupants during

different times of the day. This step is particularly critical ifyour building
has a lot of visitors and foot traffic.

Determine the amount of water used by each type of plumbing fixture or
device within the facility. Log or record the consumption data for each
device (most will have it printed or engraved on the equipment itself). Ifyour
equipment has been retrofitted or the amount is not visible, examine the
fixture and measure or estimate the flowrate.

When field-testing the flow of water through fixtures, it is usually sufficient
to take sample readings at a few representative fixtures located throughout
the facility. When measuring the flow rate by fixtures such as faucets that
can operate at different settings, set the fixture at a typical temperature and
adjust it to an average flowrate. Keep in mind that measured flows will vary
on different floors because of static head losses at higher elevations.

Measure the quantity of water used by other water-consuming equipment.
You may need to install temporary water meters to gauge water use by large
water-using equipment. Compare the equipment water use measurements
with the manufacturers’ rated flow amounts; some equipment may be
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Your local water
utility can serve as a
source of information
and help gauge your

water efficiency
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operating with higher water consumption rates than necessary. Ifthere is a
significant difference, consider having qualified personnel review equipment
operation and make adjustments to lower water consumption.

m Determine daily facility consumption rates from water meter and submeter
readings and other sources. This step will also help to prepare for monitoring
water use reductions after beginning the water management program. After
the survey is completed, continue to take meter readings on a monthly basis.

m lIdentify the direction that water is flowing within a building and its quality.
Knowing the quality of water as it travels through a facility is important
because discharges from one use could possibly be used as the supply water
for a second use (see Chapter 4, Recycling). When examining water quality,
if possible, consider its temperature; chemical makeup, including pH level,
total dissolved solids, and conductivity; and the amount of solid waste it
carries.

After you finish this step of the water survey, you should be able to track all
uses of water in a building (see Figure 2-1).1deally, you will be able to deter-
mine the amount of water consumed, lost to evaporation, and discharged for
treatment. Also, remember that throughout the water survey, you should be
observing and noting appropriate technologies to retrofit or replace existing
products.

Utility Assistance

At this point, if your local water utility has not yet been involved in the survey,
you want to ask them what services they provide and at what cost.

Your local water utility can be helpful in two ways. First, it can serve as a
source of information, and, second, it can help you to detect leaks or install or
adjust meters and water-pressure-reduction valves.

Leak Detection

Leaks, low water pressure, and other problems may exist within the water
distribution lines outside a given facility. During a utility water survey, the
utility representative will visit the affected area to detect where water losses may
be occurring (for example, in water distribution lines, piping, and connections).
Leaks are not uncommon in areas where utility water pressure and demand are
high. Many surveys are also designed to detect unmetered water delivered
through fire hydrants, water taken illegally from the distribution lines, inopera-
tive system controls, and water used in flushing water mains and sewers. Ifany
of these problems are found, the utility will usually fix them at its own expense.

Meters
Water submeters, which measure the amount of water used for specific pro-
cesses in a building, can be installed on a facility’s water distribution lines to
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provide more accurate readings (information that is not provided by standard
meters). That knowledge helps pinpoint areas of high water use (and thus, areas
with great savings potential) and evaluate their consumption on a monthly
basis. Just having a greater awareness of how water is specifically used in a
building has helped some building managers change their water use patterns,
resulting in a 13- to 45-percent savings.

Installing meters may alter the facility’s water rate structure; as a facility
manager, you should ask your utility representative to review your current rate
structure and other options that may exist. Traditionally, large water users have
been charged either a flat or declining block rate. Under a flat rate, the price per
unit ofwater remains at one cost regardless of the amount of water consumed,
offering no incentive to cut water use. A declining block rate rewards waste by
charging less for each unit as more water is used; fortunately, these rate struc-
tures are becoming less commonplace.

A more progressive rate structure that encourages water conservation is a
graduated rate. With a graduated rate, the utility charges a certain amount for
the first 150,000 gallons provided per month, a slightly higher rate for the next
150,000 gallons, and a graduated rate for each sequential 150,000 gallons. This
type ofrate schedule provides a stronger economic incentive for facility manag-
ers to use less water than when they are billed on a flat or declining block rate.
Furthermore, some sewage or wastewater treatment facilities may offer similar
rate structures, further encouraging water conservation. Whichever your current
rate structure, it is important to determine ifyou have options, and if any
provide you with savings.

Pressure Reduction Valves

Lowering the water pressure level on a facility’s distribution lines outside a
building can often conserve water while still maintaining adequate pressure.
Water utilities can install pressure-reducing valves (PRVs) that will regulate
water pressure, typically maintained at between 50 and 60 pounds per square
inch (psi) for maximum efficiency. Ask your utility ifyour facility could benefit
by installing PRVs.
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Step 3. Explore and Evaluate
Water Management Options

After compiling water-consumption and use data and obtaining a true idea of
water costs, you then need to identify your water management options. That is,
you need to determine which fixtures and equipment produce water savings
while maintaining or improving the water functions and services your facility
and its occupants require (refer to “Comprehensive Water Management Pro-
gram Reduces Annual Water Consumption by 1.6 Million Gallons at Federal
Facility”).

Most of your options will fall into three main categories:
m Plumbing fixtures
m Heating, ventilating, and air-conditioning systems

m Landscape irrigation

Chapter 3 provides a detailed discussion of each of these options.

Your approach to examining these options should be comprehensive. Ex-
plore all equipment and devices against the factors influencing your water use.
Complete replacement is typically not an option for most facilities, and may not
necessarily be the best solution. An older facility with inconsistent water
pressure, for example, may not be suitable for a low-flowtoilet replacement
because the quantity of use or abuse (such as flushing excess paper down the
toilet) will create related maintenance and performance problems, which could
actually increase costs. Often, simple procedural changes in maintenance or
operation can produce substantive water savings. A constantly running toilet,
for example, can waste 6,000 gallons ofwater per day. Checking and replacing
valves and ballcocks regularly can save this otherwise wasted water.

As you weigh your fixture and equipment options, consider the Federal
legislation and state water conservation regulations. Some states that have
experienced water shortages in the past, and those concerned about water use
and conservation in general, have passed regulations that exceed Federal
legislation. Arizona, California, and Maryland have laws restricting water use in
toilets, for example, while California, New York, and Rhode Island have
imposed special standards on low-flow showerheads and faucets.

Your approach to
selecting options
should be
comprehensive,
considering not only
the cost of
maintaining aretrofit
versusreplacement
but also Federal and
state regulations
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Comprehensive Water Management Program Reduces Annual Water Consumption

by 1.6 Million Gallons at Federal Facility

“These projects are expected to continue to accrue savings ofapproximately 10 percent per year and will stay
in effectindefinitely,”commented Tim Rollins, Building Manager ofthe Nuclear Regulatory Commission’s (NRC)
OneWhite Flint North Building in Rockville, Maryland. "The water conservation program extends to 1,300 NRC
employees, as well as the facility management contractor responsible for operating and maintaining the
building.”

During 1992, personnel at this facility developed and implemented a water conservation program that

reduced annual water consumption by more than 1.6 million gallons. This savings represents an
18.6-percent decrease compared to 199 I.

The following actions were responsible for the savings:

m Reducing the lawn watering schedule. The watering schedule was reduced by closely monitoring the

weather forecast and cancelling watering schedules when the weather forecast predicted rain. All
watering was performed in the morning to minimize evaporation.

Installing water eficiency devices in restrooms. Water restrictors were installed on the faucets, and
water-reducing flush valves were installed on toilets.

Upgrading valves on heat exchangers. New water supply valves were installed on the heat exchangers
to eliminate leaks.

Inspecting equipment Equipment inspection was increased to identify water losses. Repairs were
made quickly when needed.

Installing electronic float valves on cooling towers. Electronic float valves were installed to monitor
tower water levels and to prevent excessive water loss during bleed-off.

Installing cooling tower sewer submeters. Although the submeters do not reduce water consumption,
they accurately measure water not being returned to the sewer because of cooling tower
evaporation. Some utilities may offer credits for water that was evaporated rather than being
returned to the sewer. The installation of the submeters reduced sewer charges by $15,235.

Employees hold conservation meetings, distribute literature, and place water-related notices on
bulletin boards. NRC's outreach and education activities include publishing the NRC Newsletter, which
provides information to employees on environmental issues, and sponsorship of employee awareness
programs, which promote water conservation.

2-10
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Step 4: Conduct Life-Cycle Cost Analyses
and Explore Financing Options

In steps 1 and 2, you examined your facility’s current water use and costs
associated with your existing plumbing equipment and devices, while in step 3,
you explored which fixtures and equipment provide the water savings desired.
Armed with this knowledge, you can now look at the cost and funding options
before making an investment decision.

In this step, determine what you can afford to do and innovative ways you
might finance it. As water efficiency options can be expensive and budgets are
usually limited, it is critical that you choose those options most appropriate and
cost-effective to your facility. At the same time, initial cost should not be the
only reason for deciding which option is best. For example, replacing an
existing heavy-use toilet with a low-flow model will require a larger initial
investment than simply installing a toilet dam. However, the dam will require
regular surveillance and maintenance, and the labor costs may quickly offset the
initial low cost of the dam. Consult your facility’s budget office throughout this
process.

Total Cost of Water

The total cost of water used by a facility goes beyond the facility’s water and
sewer bills. You can determine the total cost by adding all expenses for water
use for a year and divide the result by the quantity of water used during that
year. To find the sum of all expenses for water use, be sure to include the

following:

m The cost of the water purchased from water utilities. Water utility bills
usually contain two components: a fixed charge and a charge based on the The total cost of
amount of water used. Do not include the fixed charge in the total, as this water goes well
amount usually will not change with an increase or decrease in facility water beyond water and
efficiency. sewer bills

m Energy cost of pumping water from wells.
m Cost of pretreating and on-site pumping.
m Cost of water heating and cooling.

m Chemical or other treatment costs, including treating cooling tower or boiler
feed water.

m Sewer costs, which can be based on the amount of water, dissolved solids,
suspended solids, and the need for chemical or biological oxygen.

When combining these costs, you can use current prices. However, if possible,
use prices that will be in effect at the time any water efficiency and conservation

2-11



WATER MANAGEMENT: A COMPREHENSIVE APPROACH FOR FACILITY MANAGERS

A life-cycle cost
analysis takes into
account the “time
value” of money,
rather thanjust the
initial equipment cost
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changes are actually made. That way, you can assess more accurately differences
in cost realized by changing facility water use. After adding all costs, divide by
the volume of water purchased during that same time period to find total cost
per unit of water used.2 Knowing the total cost per unit of water used is impor-
tant because it will be used to determine savings realized by replacing or retro-
fitting with the options considered.

Economic analysis

A life-cycle cost analysis evaluates the total initial and operating and mainte-
nance costs of a water efficiency option over time, taking into account the “time
value” of money. In other words, analysis considers the cost over the life of the
system, rather than just the initial equipment cost. For any water conservation
project, life-cycle costs must be analyzed to determine the payback period. All
options with periods of 10 years or fewer must be considered.

Several software packages have been developed to perform life-cycle costing
analysis. The National Institutes of Standards and Technology have developed
the Building Life-Cycle Cost (BLCC) computer program — availablfree of
charge and specifically written for Federal agencies (refer to “Building Life-
Cycle Cost Software”).3 It complies with Handbook NBS 135, the Life-Cycle
Costing Manual for the Federal Energy Management Program, and with Office of
Management and Budget (OMB) Circular A-94, “Guidelines and Discount
Rates for Benefits/Cost Analysis of Federal Programs.”

BLCC provides economic analysis of proposed capital investments that are
expected to reduce long-term operating costs and maintenance of buildings or
building systems. Two or more competing designs can be evaluated to deter-
mine which has the lowest total life-cycle cost. Or, a project can be compared
against a “do-nothing” base case where no capital improvements are made.

BLCC is especially useful for evaluating the costs and benefits of energy and
water management projects in buildings. Currently, however, there are no
escalation rates for water available for use in the analysis. Alternately, natural
gas or the consumer price index may be used as a substitute.

BLCC also calculates the following:

m Simple payback - calculated by dividing initial investment by annual savings
after taxes. The smaller it is, the better.

m Savings-to-investmentratio - calculated by dividing savings over the life of
an investment described in today’s dollar value by initial investment. Savings-
to-investment values should be greater than 1.

2pike, C.W., Water Eficiency Guide (1993). p. 27. 28.
3u.s. Department of Commerce, National Institutes of Standards and Technology, Office of
Applied Economics, Computing and Applied Mathematics Lab. Gaithersburg. MD 20899-1000.
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Building Life-Cycle Cost Software (BLCC)

BLCC creates the life-cycle cost analysis from information about your facility gathered during the
survey, including the following:

I Existing water bills.
m The results of the facility water consumption survey.
m Local water rates.

I Maintenance projections.

W Retrofit plans within the next 10 years.
I Utility rates escalated to future level, Although there are no water escalation rates, Federal agencies

use Department of Energy rates.

The BLCC program includes on-line help for the data entry and an instrunion manual that you can
print on demand from your workstation.

m Adjusted internal rate of return—the interest rate represented by the cumu-
lative savings compared to the initial investment.

m Net savings - calculatedby subtracting the life-cycle cost of the existing
option from the life-cycle cost of the investment.

Financing and Incentives

Your facility’s budget office should have an idea as to what financing choices
are available, both in- and out-of-house. Listed below are several financing
options or incentives:

m Federal appropriations and grants. Federal agencies will be eligible to
receive competitive grants from the U.S. Department of Energy (DOE) to
help them meet the energy and water efficiency requirements in response to
the passage of the Energy Policy Act.

m Federal incentives. Half of any energy and water conservation savings,
including the benefits from performance contracts as well as incentives from
utilities, are to remain available to the Federal agency for additional effi-
ciency measures, including employee incentive programs. The GSA Federal
Buildings Fund also may receive cash incentives related to energy savings

2-13
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and recycling. DOE is to establish a financial bonus program, awarding a
total of up to $250,000 per year for outstanding energy managers in agencies.

Utility, municipal, and other incentives. Federal agencies are permitted and
encouraged to participate in utility incentive programs for gas, electricity, and
water conservation, and to negotiate incentives with utilities. Incentives may

The inital stages of
the program should
be planned in detail
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include free building water surveys, equipment design, installation, and
tenant education program assistance.

m Shared water savings contracts. Federal agencies are permitted to enter into
multiyear energy-savings performance contracts, subject to certain specified
requirements. Under such contracts, private firms may pay to install energy-
saving equipment in Federal buildings in return for a share of the future
energy cost savings. DOE is currently developing a similar program for water
savings. Because ofthe average low cost of water in many regions, however,
this practice may not become widespread.

Step 5: Develop a Water Management Plan
and a Work Schedule

Once you have decided to make changes or modifications to your facility,
choose those to make based on the previous examination of current water use,
occupant needs, and the results of life-cycle costing analysis. Prioritizing the
selected water management options in this way will maximize cost, water, and
energy savings while maintaining or improving occupant comfort and increas-
ing facility efficiency. Because individual facilities vary according to building
type and use, occupant needs, and equipment, water, and sewage costs, no one
plan is right for all facilities. After choosing water efficiency options, you must
then develop a comprehensive water management plan work schedule. Deter-
mine what finding is available for improvements and when, and the time
required to complete the entire water management project. Examine large
retrofit or replacement options or high-priority jobs to determine the time
necessary to complete each. While some can be implemented in a few hours or
days, others may require up to several months and the services of a professional
contractor.

When completing the schedule, do not plan so closely that a delay in
implementing one option throws the entire schedule off balance. If a water
management program is expected to take 18 months, the first 6 months should
be planned in detail. Then, during those first 6 months, progress and savings
should be closely monitored. As you develop a sense ofyour progress in the first
6 months, you will be better situated to plan the next phase (the next 6 months)
with equal detail. In this way, remaining options are continually reviewed,
helping to ensure that the plan is as realistic as possible and reflects the realities
of actual progress compared to the initial plan.
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Step 6: Inform Building Occupants
About Water Management
Before implementing your water management plan, be sure your facility occu-

pants and visitors know what is going on and why. Most water-efficient fixtures
will only yield the savings you expect when users are part ofthe solution.

Begin by sending all occupants a letter expressing support for the water

management program and urging occupants to participate. The letter should Remember: When
explain why changes are being made and what difference they will make, and water-saving devices
finally, why water management is necessary (see Appendix C for a sample are properly used,

they save water and

letter). Signs should be posted near equipment and particularly in restrooms, so
meet your needs

visitors are aware ofwater-saving initiatives in place.

Because many water efficiency options produce savings only when used
properly, you must teach occupants how to use them. If low-flow toilets requir-
ing 3.5 gpfare flushed twice to remove waste, for example, operating them this
way will use as much or more water than the original fixtures they replaced.
(Refer to “Down With the Clog.”)

Bulletin boards, newsletters, and staff meetings should regularly discuss the
progress of the water management program and might also attempt to change
occupant water use overall. As part of your program, you may wish to incorpo-
rate some of the following suggestions:

m Set up a “hotline” to report leaks or other wastes ofwater to facility managers
or maintenance personnel.

B Start a suggestions and incentives system to recognize water-saving ideas.

m Distribute flyers or pamphlets to promote the facility’s water management
plan or to educate occupants about good water use habits.

m Organizeasloganorpostercompetition.

m Start a water column in your building or agency newsletter, featuring how
much water has been saved through the water management program.

m Prepare a water conservation display covering different aspects ofwater use
affected by the water management program (landscaping, low-flow plumbing
products, water use habits, and the like) and place it in an appropriate
location, such as the facility lobby or auditorium.+

4Black and Veatch. A Guide to Commercial/lndustrial Water Conservotion (Los Angeles. CA City of
Los Angeles Department of Water and Power).
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One of the major causes of clogged toilets and plumbing maintenance calls is the misuse of toilets as
trash cans. In traditional gravity toilets, this practice did not seem to seriously impair the toilet's
performance or harm the pipes, as the high volume of water made virtually any object flushable. With
the 1.6-gpf ultra-low flow models, however, even if the papers appear to flush, there is less water to
propel the waste through the pipes. and clogs can form down the line.

Your facility’s janitorial staff will need to regularly empty sanitary receptacles and trash cans and post
signs in restrooms to discourage people from flushing inappropriate things down the toilet.

Down With theClog
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Step 7: Implement the Water Management Plan

Now you are ready to start installing retrofits or replacements and to introduce
maintenance or operational changes. Once work begins, closely monitor your
program to ensure that it runs smoothly. This part of your plan should include
at least the following items:

m Call contractors to verify that their work is progressing as promised.

m Follow up regularly with operating and maintenance personnel to ensure that
equipment is regularly checked and serviced.

m Listen to your facility’s water users and keep communication lines open. If
something is not working—and who better to judge than those who use the
equipment and furtures—you want them to tell you, so repairs or modifica-
tions can be made quickly.

m Check your water and sewer bills for a decrease in your consumption and
billing.

Step 8: Monitor the Water Management Program

Once implementation of your water management program has begun, you will
want to carefully monitor water use to see what types ofsavings you are actually
receiving. In addition to checking equipment, facility managers should main-
tain regular contact with operating and maintenance staff to verify that their
work continues to produce water savings.

Finally, share your success. Not only should you let your building occupants
know about how much water they are saving, you may also want to share the
news with your community and encourage other groups and facilities to follow
your example. Consider graphing or visually displaying water savings to empha-
sizesuccesses.
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or virtually every use of water in a building, facility managers can choose

from a wide variety ofwater management options. Some options simply
involve altering the water use habits of building occupants. Other options, like
changing the way fixtures and equipment are operated and maintained, can also
achieve water savings. The most significant long-term savings, however, will
probably require the retrofitting or replacement of fixtures and equipment.

In some instances, one option alone might achieve the desired savings (for
example, retrofitting a showerhead by inserting a flow-restricting device). In
others, a combination of options may be needed (for example, inserting flow
restrictors and automatic sensors in bathroom faucets).

A comprehensive water management plan must thoroughly explore all water
management options. This plan must recognize that a building’s water system,
and changes to it, will have an impact on other systems in the building, specifi-
cally the building’s use ofelectricity. For example, installing a flow restrictor on
a faucet not only will reduce the amount of water consumed, but also will lower
energy costs associated with heating this water for use, and for treating this
water for disposal (refer to “Operation Changes and Low-Cost Replacement
Devices Save More Than 1.4 Million Gallons of Fresh Water Annually at
Federal Facility”).

Some ways to reduce your current water consumption will be immediately
apparent, such as fixing a leaky faucet. Others, such as determining how many
and what type of toilets to install, will require both product research and on-
site use observation.

First consider
low-cost/no-cost
maintenance
modifications or
retrofits, then
consider more
expensive options
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Operation Changes and low-Cost Replacement Devices
Save More Than 1.4 Million Gallons of Fresh Water Annually at Federal Facility

‘We addressed the task ofreducing water consumption logically,” commented Tim Rollins, Building Manager of
the Nuclear Regulatory Commission’s (NRC) Phillips Building, Bethesda, MD. "We performed an extensive
water survey and developed a prioritized list ofwater-consuming and potentially water-wasting devices to be
retrofitted or replaced. Then, we developed a two-part progmm to implement the modifications and installa-
tions.”

During 1992, NRC personnel at the Phillips Building developed and implemented a water conserva-
tion program that reduced annual water consumption by more than 1.4 million gallons, a 32-percent
decrease comparedto 1991I.

The program involved making the following modifications to the HVAC system:

m Adjusting air-conditioning on/off times. The air-conditioning system starts before normal occupancy
and precools occupied areas. To reduce the cooling load even further, NRC programmed
timeclocks on fresh-air fans to bring cooler air into the building at night.

m Adjusting the thermostat to prevent overcooled areas. To ensure that space was not overcooled, NRC
inspected and recalibrated building thermostats, most of which required adjustment. New receiver
controllers now operate zone valves, and new temperature controls cycle the cooling tower fans.

m Adjusting chiller and air-conditioning operation. NRC reduced maximum chilleroperation from 100 - to
75-percent of load capacity. Chiller controls are callibrated to provide 20-minute delay to reach the
75-percent aximum capacity from the 35-percent inital capacity at startup. The summer operating
hours of mechanical cooling by direct expansion units and by the chiller fell from 15 hours per day in
1991 to 14 hours per day in 1992.

m Inspecting cooling tower overflow lines daily, at the beginning of each work shift. Several copper floats in
the cooling towers were either loosening or becoming waterlogged, causing water and chemicals to
spill over the towers and into the drains. The floats were replaced whenever they continually
permitted water and chemicals above the regulated levels.

The following plumbing fixtures and devices (many of which were over 30 years old) were also
replaced, and the following modifications made:

m Toilet ball valves. Toilet ball valves were replaced with more reliable flapper-style valves. Engineers can
now hear the new float valves cycle “open” and “close” and can identify leaking toilets more easily.

m Faucet seats and washers. Approximately 100 faucet seats and washers were replaced in the
bathrooms and janitor’s closets. Faucets that could not be repaired economically were replaced
completely. New aerators were installed that limit water flow to 2.0 gpm. The total cost of replacing
faucet seats and washers and new faucets was about $1,000.

m Routine bathroom inspections. New monthly inspection requires examining every bathroom fixture in
the building.
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It is important to evaluate each option not only on its ability to conserve
water, but also on its practicality. For example, replacing a high-consumption
fixture with a low-consumption fixture will enable you to realize the greatest
amount of water savings over time. But, where limited budgets prevent the
initial high price of replacement, other interim measures, such as retrofitting
toilets with displacement devices, may help save significant volumes ofwater.

It is also important to remember that in order to comply with the Energy
Policy Act, changes must be life-cycle cost effective, with a payback occurring
in 10 years or less. Further, the Energy Policy Act also stipulates water con-
sumption standards for products manufactured after January 1, 1994. These
standards restrict showerheads and faucets to 2.5 gallons per minute (gpm),
toilets to 1.6 gallons per flush (gpf), and urinals to 1 gpf. (Refer to Appendix A
for specific Federal standards for plumbing fixtures.)

This chapter, along with the facility survey and cost analyses, will help you
determine which water management option, or combination of options, is
appropriate for your facility.

This chapter discusses the uses of water both within a facility and on its
grounds. It is divided into three sections, each addressing a major area of water
use. The first section, Plumbing Products, discusses a variety ofwater-using
devices, ranging from toilets and urinals to dishwashers and photographic film
washing and processing equipment. The second section, Heating, Ventilating,
and Air-conditioning Equipment, primarily examines space-conditioning
equipment and includes discussions of cooling towers, single-pass coolers, and
evaporative coolers. The last section, Landscape Irrigation, introduces ways to
decrease water consumption outside a facility through improving watering
practices and making use of xeriscaping. Throughout the chapter and where
applicable, operation and maintenance modifications and retrofit and replace-
ment options are featured for each technology discussed.

Note: Recycling water consumed on-site is discussed in Chapter 4, “Recy-
cling.”
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Most toilets, urinals, showerheads, and faucets in use today were designed at
a time when little regard was given to efficient water use. Consequently, many
of these products waste water. Fortunately, there are several improvements that
can be made to decrease waste ofwater, including simple operation, mainte-
nance, and retrofit modifications.

While these changes can substantially save water, they are not always as
effective as replacing the original product with one designed specifically with
efficiency in mind.

This section outlines the most common plumbing products found in use in
Federal facilities today. For each product discussed, opportunities for both

reducing water losses and reducing the amount of water used by a product will
be provided.

TOILETS

Americans flush almost 4.8 billion gallons of water down the toilet each day.
When you consider that toilets account for nearly one-third of a building’s
water consumption, the potential for water savings through operation, mainte-
nance, or retrofitting changes is one of the best water management options
available. Unless your facility is relatively new or has been refurbished recently,
chances are your toilets are consuming too much water.

All of these changes, however, whether a retrofit, operation, or maintenance
modification, will not achieve the 1.6-gallon per flush (gpf) rate required of
toilets manufactured after January 1, 1994. Instead, they will make your existing
equipment work more efficiently until it can be replaced.

Replacing all existing toilets with 1.6-gpfultra-low-flow (ULF) models
would save almost 5,500 gallons ofwater per person each year.t That’s a lot of
water. And when you compare the cost of purchasing a water-efficient toilet
with the decrease in water and sewer use resulting from using this toilet, the
toilet will usually pay for itself in less than 4 years. In almost all instances, the
greatest amount of water savings can be achieved by replacement, and this
option is preferred over retrofit alone. Table 3—-1compares the water consump-
tion rates of traditional and modern toilet models.

Toilets are manufactured ofvitreous china or enameled cast iron (except
prison toilets, which are either aluminum or stainless steel). There are three
major types oftoilets: those that rely on gravity, those that use a flush valve, and
those that comprise a pressurized tank system.

1Whalen, George. (The Plumbing Foundation, New York. NY.) Telephone conversation with
author.
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Table 3-1. Toilet and Urinal Water Consumption by Model (gpf).

Traditional Model Traditional Model Modern Model
Option Water Consumption Retrofits Available Water Consumption
Toilets
Gravity flow 5t 7 a,bocd 1.6and3.5
Flushvalve 5 c,def 1.6
Pressurized
tank system 1.6 - 1.6
Urinals
Siphonic jet continuous flow f,g,h I
Blowout 2-3 h. f |
Washout and
washdown 2-3 f |

Note: a = displacement devices, b = toilet dams, ¢ = early closure devices, d = dual-flush adapters, e = insert or valve replace-
ment devices, f = electronic sensors, g = water-conserving flushometer modifications, and h = timers.

Gravity Flow Toilets

The gravity flow toilet is the most common type of toilet. In these toilets, a
rubber stopper releases water from the toilet’s tank, and gravity forces the water,
which collects the waste, into the bowl and through the trap (Figure 3-1).
Traditionally, the gravity flow toilet has used about 5 to 7 gpf. Ifyour facility
was built before the 1970s and your plumbing has never been altered, you can
safely assume you have gravity flow toilets that consume 5 to 7 gpf.

Over the past decade, a low-flow gravity toilet using 3.5 gpf, as well as one
that uses 1.6 gpf, have been introduced into the marketplace. The original low-
flow models were associated with performance problems; however, the most
recent models have steeper sides and an exposed trapway, which increase the
velocity ofthe flush and eliminate the need for double flushing.

Ifyou are currently using gravity flow toilets in your facility you may want to
consider implementing the following improvements:

Operation Modifications

m Adjust the flush valve to reduce the water consumed per flush. Ideally, the
valve should be adjusted to use as little water as possible per flush without
impeding waste removal or violating the manufacturer’s recommendations.

Maintenance Modifications

m Check regularly for leaks (every 6 months).

m Periodically replace valves and ballcocks.
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Figure 3-1. Gravity Flow Toilet.
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The New Design

The ancient Romans were the first to use water in conjunction with sanitation, but the idea of a water
closet (the precursor to today's toilet) did not emerge until 1775, when such a device was patented in

Great Britain. From that time to the 1930s, an array of technological improvements were made to its
design and performance.

By the 1970s, however, the average toilet was surprisingly similar to the 1930s model, both in design
and water consumption, using 5 to 7 gallons per flush (gpf). At the end of the 1970s, however, the
low-flow toilet, which consumed 3.5 gpf, was introduced and quickly became the industry standard.
The 1990s have produced yet a better toilet design, the ultra-low-flush (ULF), which uses 1.6 gpf. ULF

toilets, in turn, have now become the standard, and Federal regulations require that all toilets manu-
factured after January 1, 1994, consume no more than 1.6 gpf.
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Retrofit Options

A variety of retrofit options are available for gravity toilets that are effective in
lowering the consumption rate of the 5-gpf models to 3.5 gpf. Most of the
retrofits cost under $20 and improve the water efficiency of the toilet. These
retrofits, however, may hamper the overall operation of the toilet and increase
maintenance costs, as they often have a short life span and require frequent
replacement or adjustment. Therefore, they may not be appropriate for many
Federal facilities. A list ofthese devices follows:

m Displacementdevices, such as bags or bottles, are designed to displace or
reduce water flow by roughly 0.75 gpf. These devices are inexpensive and are
relatively easy to install in tanks. Like most retrofit options, they require
regular maintenance (Figure 3-2).

m Toilet dams are flexible inserts placed in a toilet tank that keep a limited
amount of water—5 to 1 gpf per dam — owff the flush cycle. Dams can be
used in pairs in large tanks to save even more water, and can last as long as

Figure 3-2. Toilet Displacement Bag.
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5 to 6 years. Because occasional difficulties are encountered while installing
toilet dams, you may wish to consult a plumber before you begin retrofitting.

m Early closure devices replace or amend the existing flush valve in the tank,
using the original amount of pressure to exert the same force in the flush, but
with less water. These devices save 1 to 2 gpfand must be installed by a
plumber.

m Dual-fushadapters adjust the system to use two flushes, saving as much as 0.6
to 1.2 gpf. One flush is standard and discharges solids from the bowl, while
the second, smaller flush, removes liquids and paper. With this retrofit,
however, it is important that you teach users how to operate this equipment
properly, and that you install signs in the restrooms to remind them of the
procedure.

GSA Toilet and Urinal Replacement to Save
8.8 Million Gallons of Water Annually

GSA Region 9 energy coordinators have designed a water conservation project for the Prince Kuhio
Federal Building and Post Office, located at 300 Ala Moana Boulevard in Honolulu, Hawaii. The project
involves a toilet and urinal replacement at the | 0-story building, which houses about 1,400 employees.
The GSA coordinators plan to replace 186 toilets from 5-gpf (gallons per flush) t0 1.6-gpf low-flow
models, as well as 51 urinals from 3-gpfto 1-gpf models.

Overall, the complete toilet and urinal replacement will save about 8.8 million gallons of fresh water in
1995. The cost of the replacement is estimated to be about $235,000, including administrative and
labor expenses. The cost savings, resulting from lower water and sewer bills are projected to be

$31,000 annually.

The GSA coordinators used the BLCC 4.0 computer software to perform a comparative economic
analysis ofthe project. Theresultsfromthe analysis are asfollows:

m Simple payback and disccounted payback occur in less than 8 years.

m Savings-to-investment ratio is 11.86.

m Adjusted internal rate of return is 13.60.

m Total life-cycle net savings are $398,959.

The project also will comply with a Hawaii Board of Water Supply mandate that requires low-flow
devices be used when replacing fixtures in restrooms. The GSA coordinators will submit the project

to the central office for approval. They plan to finance the project using funds set aside specifically for
energy and water conservation.
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Replacement Options

None ofthe above retrofits achieves a flow rate ofonly 1.6 gpf (refer to “GSA
Toilet and Urinal Replacement to Save 8.8 Million Gallons of Water Annu-
ally”). Therefore, ifyour facility currently uses 3.5-gpfto 7-gpfgravity flush
toilets, to maximize water savings, if financially feasible, they should be re-
placed with toilets specifically designed to use 1.6 gpf

FlushValveToilets

A second type oftoilet, the flush valve or flushometer, is a tankless toilet. In
these toilets, the flush valve is attached to a pressurized water supply pipe. The
valve is designed so that when activated, the connecting pipe supplies water to
the toilet at a flow rate necessary to properly flush waste into the sanitary sewer
system (Figure 3-3).

Figure 3-3.Flush Valve Toilet.
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Most facilities use flush valve toilets. Water efficiency modifications for
these toilets follow:

Operation Modifications

m Adjust the flush valve to reduce the water consumed per flush. Ideally, the
valve should be adjusted to use as little water as possible per flush without
impeding waste removal or violating the manufacturer’s recommendations.

Maintenance Modifications
m Check regularly for leaks (every 6 months).

m Periodically replace diaphragm or other worn parts.

Retrofit Options

A variety of retrofit options for flush valve toilets are effective in lowering the
consumption rate of the 5-gpfmodels to 3.5 gpf. Most of the retrofits are
inexpensive and improve the water efficiency of the toilet. Some of the retrofit
options, however, may hamper the toilet’s operation and increase maintenance
costs, as the devices often have a short lifespan and require frequent replace-
ment or adjustment. Following are retrofit options:

m Early closure devices replace or amend the existing flush valve, using the
original amount of pressure to exert the same force in the flush, but less
water. These devices save 1 to 2 gpf, and require a plumber to install.

m Dual-flushadapters adjust the system to use two flushes, saving as much as
0.6 to 1.2 gpf. The first flush is standard and discharges solids from the
bowl, while the second, smaller flush removes liquids and paper. With this
retrofit, however, it is important that you teach users how to operate this
equipment properly, and that you install signs in the restrooms to remind
them of the procedure.

m Insertorvalve replacementdevices can reduce flush volumes by approximately
1 gpf. Some ofthese devices consist of plastic orifices perforated with holes
in a wheel-and-spoke pattern, while others actually replace existing valve
mechanisms.

All ofthe above replacement devices limit water use of existing flush valve
toilets. However, the most effective, and consequently most expensive, retrofit
for this toilet is the installation of electronic sensors. These sensors automati-
cally activate flushing, making it unwieldy for people to flush twice.

There are two types ofelectronic sensor systems, as follows:

m Infraaredsensors emit an infrared light beam to detect motion. The beam is
broken first when an individual sits on the toilet, and again when the indi-
vidual rises, activating the toilet flush. The sensor is specifically designed not
to detect passersby and automatically resets itselfafter each use.
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m Ultrasonicsensors function similarly to an infrared sensor, but use high-
frequency sound waves to detect motion.

Replacement Options

The most effective replacement option for a flush valve toilet is a 1.6-gpf flush
valve toilet. Such a replacement will typically result in a greater water savings
than that realized through retrofitting or adjusting an existing flush valve toilet.
Manufacturers have developed a wide variety of models, many ofwhich would
be both affordable and suitable for most facilities.

Pressurized Tank System Toilets

The third type oftoilet, which was specifically designed to use 1.6 gpf, is a
pressurized tank system. This is the most modern and effective toilet on the
market, and is the most popular replacement for gravity toilets.

In this toilet, a pocket of air in the tank exerts pressure on the water. Pressure
is maintained until the flush valve is released. Release ofthe flush valve forces
the pressurized water down into the bowl at a force 500 times greater than
conventional 5-gpf gravity toilets (Figure 3-4).

Figure 3-4. Pressurized Tank Toilet.
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For commercial applications, a “blowout” toilet, similar to the pressurized
tank system in terms ofwater efficiency and disposal, is available (Figure 3-5).
In this toilet, the pressurized tank is located behind a wall.

To ensure peak performance of these toilets it is important to check regularly
for leaks.

Figure 3-5. Blowout Toilet Schematic.

Discharge




WATER MANAGEMENT OPTIONS

URINALS

Most urinals in use today consume 2 to 3 gpf. There are also urinals that use
1.5 gpf, and to comply with recent Federal guidelines, all new urinals use 1 gpf.

Urinals are manufactured primarily as floor-mounted or wall-mounted, in a
number of sizes and shapes. The wall-mounted models are the most popular
because of the advantages they offer in both cleaning and maintenance.

As with toilets, flushing is traditionally accomplished by means of a flush
valve, water tank, or, in the case oftrough urinals, by a washdown pipe assem-
bly that provides a continuous or intermittent flow of a regulated volume of
water. In addition, there are also urinals that do not use water in the traditional
sense. They operate by using a biodegradable liquid as a flushing medium and a
special trap insert. They have been operating in Europe in public facilities and
schools for some time; however, to date, their application in the United States
has been limited.

Siphonic Jet Urinal

The most common type of urinal is a siphonic jet urinal. These urinals have
been designed to accommodate greater levels of traffic. These urinals have
elevated flush tanks and actually provide a flushing action capable of removing
foreign matter such as cigarette butts, gum wrappers, and the like. They operate
through the use of a siphon device, which automatically discharges the tank's
contents when the water level in the tank reaches a certain height.

These urinals are more sanitary than washout urinals in that they provide for
a periodic cleansing of the urinal without the need for user assistance. They also
require less maintenance in that they do not contain a flushing mechanism that
can be easily broken or vandalized. Their primary disadvantage is that water
flows through them constantly — dand night, every day of the year.

Water efficiency modifications for these urinals follow:

Maintenance Modifications

m Check regularly for leaks (every 6 months).

m Periodically check the pin hole and rubber diaphragm, and replace the
diaphragm if necessary.

Retrofit Options

m Adjust/retrofit flushometer valves. Existing flushometer valves can be fitted
with water-conserving parts that reduce the water consumption in the valve,
as long as these adjustments meet flushometer and furture manufacturer's
recommendations.
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Figure 3-6. Placement of Timeclock-Activated Control on Urinals.
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m Use a timer. A timer can be used to control the removal of wastes that collect
over time as a result of multiple uses. To eliminate water waste created from
a urinal that flushes a small amount ofwater periodically, timers can be used
to stop the flow ofwater when the building is not occupied (Figure 3-6).

Replacement Options

m Replace with models that have been designed to operate with only 1 gpf. A
wide variety of models is currently on the market.

Washout and Washdown Urinals

In a washout or washdown urinal, water trickles into the basin and is washed
out of the basin and down the pipes using a mechanical or pushbutton handle.
These urinals are intended to remove liquid wastes only and are most com-
monly found in low-use areas.
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Water efficiency modifications for these urinals follow:
Maintenance Modifications

m Check regularly for leaks (every 6 months).

Retrofit Options

m Urinals can be fitted with infrared or ultrasoundsensor-activatedcontrols that
automatically flush after the urinal is used, helping to eliminate unnecessary
double flushing.

Replacement Options

m Replace 1.5-gpfto 3-gpfmodels with 1-gpf models.

Blowout Urinal

Blowout urinals are most commonly found in areas of high traffic, such as
airports or sports arenas. These urinals consist of an elevated flush tank located
behind a wall in back of the urinal. Similar to a siphonic jet urinal, when the
waste and water level reaches a specific height in the tank, a hydraulic flushing
mechanism automatically empties the tank contents (including foreign matter).

Maintenance Modifications

m Check regularly for leaks (every 6 months).

Replacement Options

m Install timers or sensors to operate urinals only when the building is occu-
pied.
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SHOWERHEADS

Most existing showerheads consume considerably more water than necessary
under normal operating conditions. For example, a 5-minute shower using a
conventional showerhead may consume from between 25 to 35 gallons ofwater.

While there are not many shower facilities in most office properties, there
are some basic operation and maintenance modifications and retrofit and
replacement options that can not only reduce water consumption, but will also
substantially reduce the energy required to heat water.

Conventional Showerhead

A conventional showerhead typically uses from 3 to 7 gallons per minute (gpm)
of water at normal pressure, about 80 pounds per square inch (psi).

Some ofthe many modifications that can be made to existing showerheads
to help them conserve water follow:

Operation Modifications
m Encourage users to take shorter showers.
m Adjust the flow valve to reduce water flow.

m Lower the setting ofthe hot water temperature.

Maintenance Modifications

m Check regularly for leaks.

Retrofits

m Flow restrictors, washerlike disks that fit inside a showerhead, limit the
waterflow (Figure 3-7).At less than $5 each, they are one of the most cost-
effective options available. Early designs for these restrictors were noisy at
higher pressures. Such noises are uncommon with the newer high-quality
products.

m Temporary cutoff valves, usually attached or incorporated into a showerhead,
cut off the water while an individual is soaping or shampooing (Figure 3-8).
The water is then reactivated at the previous temperature, eliminating the
need to remix the hot and cold water.

A consistent problem with the cutoffvalve, however, is that often water is
not reactivated at the previous temperature. Many times, the reactivated
water is hot and may possibly burn the unsuspecting individual showering.
Given the potential for burning, this may not be the best retrofit for a
facility. However, ifthis option is selected, warning signs should be posted in
the shower urging individuals to exercise caution.
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Figure 3-7.Shower Flow Restrictor.
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Replacement Options

The following replacement options maintain shower quality and achieve the
2.5-gpm requirement for all new showerhead fixtures. These products typically
vary in price from $3 to $95.1

These showerheads were specifically designed to conserve water. They have a
narrower spray area and a greater mix of air and water than conventional
showerheads.. These features enable them to decrease the overall water con-
sumption and at the same time provide what feels like a full-volume shower.

Several new models and their features include:

m Atomizer showerheads deliver water in small but plentiful droplets that wet
larger surface areas (Figure 3-9).

m Pulsaters vary the spray patterns with a flow that pauses between spurts or
through intermittent strong flow and light mist (Figure 3-9).

m Aerators mix air with fine water droplets to wet more surface area.

1CONSERV/93 Book (lthaca NY Experiments), p. 1025-1030
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Figure 3-8. Temporary Cutoff Valve.

Figure 3-9. Atomizer and Pulsater Showerheads.
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FAUCETS

Tremendous amounts of water are wasted using conventional faucets with
typical flow rates of 3 to 5 gpm. In fact, a leaky faucet —ahe drip per sec-
ond — camaste about 36 gallons of water a day.

Federal guidelines mandate that all lavatory and kitchen faucets and replace-
ment aerators manufactured after January 1,1994, consume no more than 2.5
gpm, measured at 80 psi. Metered valve faucets will be limited to 0.25 gallons
per cycle after the same date. A lower 2.2-gpm limit for lavatory and kitchen
faucets is being developed by the American National Standards Institute
(ANSI), and will automatically become part of the Energy Policy Act require-
ments.

Traditional Type: Manual Valves

Most older faucet fixtures are hand-operated and have typical flow rates of 3 to
5 gpm. For avery low cost, there a variety ofoptions available to help reduce
their use ofwater.

Operation Modifications

m Adjust the flow valve to reduce water flow.

Maintenance Modifications

m Check regularly for leaks.

Retrofit Options

m Flow restrictors, like those used in showerheads, limit the maximum flow rate
to a range of 0.5 to 2.5 gpm through a washerlike disk installed in the faucet
head.

m Aerators, in the form ofa head placed on top ofyour faucet head, add air to
the flow stream, increasing the effectiveness of the flow and requiring less
water (Figure 3-10).

Replacement Options
See the following low-flow options.

Low-Flow Type: Metered Valves

Metered valve faucets deliver a preset amount ofwater and gradually shut off.
Operation Modifications

m Adjust the flow valve to reduce water flow.
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Figure 3—-10.Faucet Aerator.
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Maintenance Modifications

m Check regularly for leaks.

Low-Flow Type: Self-Closing

The self-closing faucet is spring-loaded to shut off a few seconds after the user
triggers it.

Operation Modifications

m Adjust the flow valve to reduce water flow.

Maintenance Modifications

m Check regularly for leaks.

Low-Flow Type: Infrared and Ultrasonic Sensors

Sensors located in the faucet head activate the water flow when they detect the
presence of an individual’s hands or some other object beneath the faucet.
When the hands are taken away, the flow is immediately cut off. These sensors
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automatically reset after each use, and are designed to not be activated by
passerby.

The design of these faucets—requiringo touch to activate — prevente
spread ofdisease and also is helpful to users with disability.

Operation Modifications

m Adjust flow valve to reduce water flow.

Maintenance Modifications

m Check regularly for leaks.

m Check regularly to ensure that the flow controller connected to sensor does
not become clogged with impurities carried by water. If necessary, consider
filtering water before it reaches the faucet.
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CHILLED WATER DRINKING FOUNTAINS

The Federal Government does not regulate water use for drinking fountains. As
part of your water management plan, and depending on the age of your foun-
tain and its lead content, however, you may decide to modify or replace the
drinking fountains in your facility.

There are also several inexpensive operation modifications that will enable
you to reduce the energy used to chill drinking fountain water.

Individual Self-contained

An individual self-contained water cooler has a refrigeration unit that supplies
chilled water to the fountain equipment. These units are typically scattered
throughout a building.

Operation Modifications

m Raise the temperature 5°F. Most fountains typically chill water to around
65°F, although higher temperatures may be used.

m Provide proper insulation on piping, chiller, or central storage tank to save
energy.

m Add an automatic timeclock to shut off the unit during unoccupied night-
time or weekend hours.

Replacement Options

Replacement options vary depending on the size of the facility and occupancy,
existing equipment, and energy consumption. Consult with a contractor experi-
enced in water fountains for further assistance.

Remote Chillers

Remote chillers employ refrigeration units remotely located from their foun-
tains, with each unit supplying water to several different locations.

Operation Modifications

m Raise the temperature 5°F. Most fountains typically chill water to around
65°F, although higher temperatures may be used.

m Provide proper insulation on piping, chiller, or central storage tank.

m Add an automatic timeclock to shut off the unit during unoccupied night or
weekend hours.

m Install variable speed water pumps.
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Replacement Options

Replacement options vary depending on the size of the facility and occupancy,
existing equipment, and energy consumption. Consult with a contractor
experienced in water fountains for further assistance.

Central System

A central system supplies chilled water to all drinking fountains in an entire
building from one central location.

Operation Modifications

m Raise the temperature 5°F. Most fountains typically chill water to around
65°F, although higher temperatures may be used.

m Provide proper insulation on piping, chiller, or central storage tank.

m Add an automatic timeclock to shut offthe unit during unoccupied night or
weekend hours.

m Install variable speed water pumps.
Replacement Options
Replacement options vary depending on the size of the facility and occupancy,

existing equipment, and energy consumption. Consult with a contractor
experienced in water fountains for further assistance.
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DISHWASHERS

Dishwashers in your facility may also be using more water than they require.
Most use between 2.5 to 8 gpm of water to both clean and sanitize. Energy

guidelines for new dishwashers are quite strict, and many manufacturers are
developing products that use both energy and water more efficiently.

Ifyour dishwasher is still in good working condition and replacement at this
time does not seem necessary, there are still several operational modifications
that you should consider.

Operation Modifications
m In rack-type machines, only run the dishwasher ifit is full.

m In conveyor-type machines, water should flow only when dishes are passing
through the washer (even if the machine is on, water should not flow unless
it is washing or rinsing).

m Ifpossible, lower the water temperature. To avoid compromising the sanita-
tion process, do not set the temperature below 180°F.

m Limit waterflow rates to those specified by the manufacturer.

Retrofit Options

m Install an "electric eye"sensorsystem in your conveyor-type machine so that the
presence of dishes moving along the conveyor activates the water flow.

Replacement Options

m Install low-temperature dishwashers that sanitize primarily through the use
of chemical agents rather than high water temperatures.
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PHOTOGRAPHIC  FILM  WASHING/PROCESSING

Film processing also uses water, usually at a flow rate of 2 to 4 gpm. Water
consumption as part of this process is currently not regulated by Federal guide-
lines, but you may still want to consider water management in this area.

Retrofit Options

m Install a flow meter or control valve in the supply piping, and adjust to the
minimum rate required to produce desired results.

m Installpressure-reducingdevices on water supply equipment that does not
require high pressure.

m Install automatic shut off valves on equipment that uses fresh water to stop the
flow when the equipment is not in use.

Replacement Options

m Options vary depending on the size of the facility and existing equipment.
Consult with a contractor or supplier experienced in film processors for
further assistance.
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Heating, ventilating, and air-conditioning (HVAC) equipment requires a great
deal of water to meet a facility’s heating and cooling needs. Most of this heating
and cooling equipment frequently uses water inefficiently, either by not recy-
cling it or by recycling it fewer times than possible. For these reasons, improv-
ing the efficiency of HVAC equipment can produce considerable water savings
in your facility.

Because HVAC equipment—suchs cooling towers — represents tremen-
dous capital expenditure, all options short of replacement should be pursued
before actually replacing existing equipment.

COOLING TOWERS

Cooling towers help regulate a building’s air temperature either by rejecting
heat from air-conditioning systems or by cooling hot equipment (refer to “How
Cooling Towers Work™). In so doing, they use significant amounts of water.
The thermal efficiency, proper operation, and longevity of the water cooling
system all depend on the quality of water and its reuse or recycling potential.

In a cooling tower, water is initially wasted or lost in the process through
evaporation, bleed-off (the release of built-up solids by removing a portion of
the recirculating water that carries the dissolved solids), and drift or leaks. To
replace the lost water and maintain its cooling function, more water (known as
makeup water) must be added to the cooling tower system (see Figure 3-11).

Sometimes, water used for other equipment within a building can be recycled
and reused for cooling tower makeup water with little or no pretreatment,
including the following:

How Cooling Towers Work

Cooling towers recirculate a stream of warm water that is brought in
contact with an air flow, causing a portion of the water to evaporate,
thereby cooling the remaining portion of water. The water then circulates
through a cooling system (or in some cases through large equipment),
absorbs heat, and returns to the tower.

The recirculating water, commonly called a recirculating cooling loop, is
usually chemically treated to prevent formation of mineral deposits,
corrosion, and biological fouling (if untreated, the quality of water circulat-
ing through a cooling tower will deteriorate, greatly affecting its subsequent
reuse). Because water that evaporates during the process is lost from the
system, such a system is described as an “open” recirculating cooling loop.




Figure 3-11.Cooling Tower Schematic.
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m Water used in a once-through cooling system.

m Pretreated effluent from other processes, provided that any chemicals used

are compatible with the cooling tower system.

m High-quality municipal wastewater effluent or recycled water (where avail-

able).

Operation Modifications

m Improve the method of releasing the tower bleed-off. Most cooling towers
are bled-offautomatically, when the conductivity of the water reaches a
preset level. Try to operate the bleed-offon a more continuous basis, main-
taining the conductivity of the tower closer to the limits, without wide

fluctuations.

One way to do this is to install flow submeters on the makeup and bleed-off
lines. (Refer to “Comprehensive Water Management Program Reduces
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Annual Water Consumption by 1.6 Million Gallons at Federal Facility” in
Chapter 2) This practice enables the operator to verify the volume of water
being used in the tower. Submeters should, at a minimum, be capable of
totaling the flow. There are also submeters that display instantaneous flow. It
is also important to read and record submeter data regularly.

Use sulfuric acid treatment. When added to recirculating water, sufiric acid
can improve the efficiency ofthe water by controlling scale buildup created
from mineral deposits. Sulfuric acid lowers the pH ofthe water, and is
effective in converting a portion of the calcium bicarbonate, the primary
cause ofscale, to the more readily soluble calcium sulfate.

When using sulfuric acid, several precautions should be taken:

—Use a timer to avoid overdoses that could damage the system. Add acid at
points where the flow ofwater is well-mixed and reasonably rapid.

—Train workers in the safe handling and use of sulfuric acid to avoid
contact with skin or eyes.

All water treatment must be strictly monitored and performed by qualified
workers.

Retrofit Options

m Add an automatic control to shut off the unit during unoccupied night or

weekend hours, or to operate it concurrently with chillers.

m Use a sidestream filtration system composed ofa rapid sand filter or high-

efficiency cartridge filter to cleanse water. These systems draw water from
the basin, filter out the sediment, and return the filtered water to the tower,
enabling the system to operate more efficiently with less water.

This system is particularly effective where the water is cloudy, airborne
contaminants are common, or cooling water passages are small and suscep-
tible to clogging. Removing particles or suspended solids in the recirculating
water enables the filtration system to operate more efficiently with less
maintenance.

Use an ozonation system to disinfect water and to reduce the rate of bleed-off
without requiring the use of any additional chemicals. An ozonation system
consists of an air compressor, ozone generator, diffuser or contractor, and a
control system. While a powerful oxidizing agent, ozone has an effective life
of less than 1 hour. Therefore, it must be generated at the site by passing
cool, dry air (or pure oxygen gas) through a high voltage field between two
electrodes (known as the corona discharge method).

Table 3-2lists the advantages and disadvantages of cooling tower retrofit
options.
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Table 3-2. Advantages and Disadvantages of Cooling Tower Retrofit Options.

Option Advantages

Disadvantages

Operational improvements Low initial capital cost
Low operating cost
Low maintenance requirements

Sulfuric acid treatment Low initial capital cost
Low operating cost
High cycles of concentration
possible

Sidestream filtration Reduced possibility of fouling
Higher operating efficiency
Reduced maintenance
Reduced bleed-off

Ozonation High cycles of concentration
possible
Elimination of conventional
chemical treatment
Does not require treatment
before discharge to storm
water or sewage system

Other sources Reduction in overall facility
of makeup water water consumption

Limited cycles of concentration

Possible safety hazard
Possible damage to system

Moderately high initial capital
investment

Limited effectiveness for solids removal

Additional energy costs for pumping

High capital investment

Complex system requiring outside
contractor assistance

Additional energy costs

Possible health hazards

Possible requirements for pretreatment

Additional pretreatment chemical and
energy costs

Increased possibility for fouling if poor
quality water is used

Replacement Options

m A cooling tower service vendor can help you determine ifa cooling tower
replacement is necessary. Since replacing a cooling tower involves significant
capital costs, the facility manager should investigate every retrofit option
available and compare their benefits to the cost of a new cooling tower.
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SINGLE-PASS COOLING EQUIPMENT

Single-pass cooling equipment — useith air-conditioners as well as some
welding machines, hydraulic equipment, and vacuum pumps — usend dis-
cards large amounts of water.

Implementing the following options can help you conserve energy and water
in this type of equipment.

Maintenance Modifications

m Provide proper insulation on piping, chiller, or central storage tank.

Retrofit Options

m Add an automatic control to shut off the unit during unoccupied night or
weekend hours.

m Single-pass cooling systems can usually be retrofitted to become closed-loop
coolingsystems that use recycled water. Such a retrofit involves adding piping
to return discharged water to the system inlet.

Replacement Options

m Options vary depending on the size of the facility and existing equipment.
You may want to replace your single-pass cooling system with a closed-loop
chilled water system, which may also have the extra capacity to sufficiently
cool small equipment, such as ice-making machines. It is best, however,
before making a decision regarding equipment of this nature, to consult with
a professional experienced in single-pass cooling equipment.
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EVAPORATIVE COOLERS

Evaporative coolers increase the humidity and lower the temperature of the air.
In these coolers, water flows to a reservoir, where its relative humidity is in-
creased and air is cooled. Some water used by the cooler may be bled-offto
reduce contaminants in the recirculating water. Sometimes a single pass of
water may be used in the cooler.

Maintenance Modifications

m Provide proper insulation on piping, chiller, or central storage tank.

m Regularly check equipment for leaks.

m Check to make sure that an excessive amount ofwater is not being bled-off.

m At least once a year, the recirculation pump and reservoir level should be
checked for proper operation.

Retrofit Options

m Add an automatic control to shut off the unit during unoccupied night or
weekend hours.

m Install pumps to recirculate water through the cooler, reducing unnecessary
consumption.
Replacement Options

m Replacement options vary depending on the size of the facility and existing
equipment. Consult with a manufacturer of evaporative cooling equipment
for further assistance.
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BOILERS/STEAM GENERATORS

Boilers and steam generators are commonly used in large heating systems, in
cooking, or in facilities where large amounts of processed steam are used. This
equipment consumes varying amounts of water depending on the size of the
system, the amount of steam used, and the amount of water that has not
evaporated (called condensate return).

Water management options for boilers and steam generators follow below:
Maintenance Modifications

m Check steam traps and lines for leaks, which should be repaired as soon as
possible.

m Provide proper insulation on piping, and on central storage tank.

Retrofit Options

m Install a condensate return system. By recycling condensate for reuse, water
supply and operating costs for this equipment can be reduced up to
70 percent. A condensate return system also helps to lower energy costs as
the condensate water is already hot.

m Add an automatic control to shut off the unit during unoccupied night or
weekend hours.
Replacement Options

m Replacement options vary depending on the size of the facility and existing
equipment. Consult with a contractor experienced in boilers/steam genera-
tors for further assistance.
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The previous sections of this chapter focused on the variety of water manage-
ment options that help to reduce water consumption inside a building. In this
section, outdoor water consumption, specifically as it applies to landscape
irrigation, will be discussed.

This section will address landscape irrigation issues from two perspectives.
First, we will outline operation, maintenance, and retrofit options for already-
established landscaped areas.

Then, a detailed discussion of xeriscaping will be provided, outlining a
comprehensive approach for planning and maintaining both existing and new
low-water-demand landscapes.

WATER MANAGEMENT OPTIONS
FOR ALREADY-ESTABLISHED AREAS

Operation Modifications
The following simple modifications to the way you irrigate and maintain your
grounds can produce significant water savings:

m Water only in the early morning or at night to minimize evaporation. This
simple change in your watering schedule will maximize the effectiveness of
watering while minimizing the amount of water used.

m Water plant roots, not trunks and leaves. Plants need water at the roots for
nourishment and growth. Topical watering results in evaporation and runoff.
Adjust sprinklers to ensure that water is concentrated at the root area.

m Water deeply once a week instead of lightly every day.

m Keep your landscaped area weed-free so that valuable water is consumed only
by the plants you want.

m Where possible, use recycled water for all decorative ponds, fountains, and
waterfalls and shut them offwhenever possible to reduce the amount of

water lost to evaporation. (See Chapter 4 for a detailed discussion on recy-
cling water.)

m Make sure sprinklers are placed so that they will water the landscape, not

walks and parking lots. Decrease flow volumes to avoid unnecessary water
runoff.

m Alternate your turf mowing height between low and high levels (see Step 4
in “Xeriscaping” for a detailed discussion).

Maintenance Modifications

m Check water recirculation systems annually for leaks and other damage.

m Monitor sprinkler systems for broken or dirty heads.
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Retrofit Options

m Attach an inexpensive, water-efficient nozzle or sprayer ifyou currently water

your facility’s grounds using a hand-held hose. Numerous types are available,
including bubblers, single-hole screw nozzles, gun nozzles, and watering
wands. Additionally, thumb and gate control valves can also be attached to
the hose to help reduce water use.

Regulate when and how much water a sprinkler system distributes. An
irrigation timer is a simple device that you can use to schedule sprinkler use
during the off-peak, night, or early morning hours. Water rates are cheaper
during this time, and in the absence of strong sunlight, the water used is less
likelyto evaporate.

Use a soil tensiometer or an electronic sensor to help determine when the soil
is dry, and gauge the amount ofwater needed.

Ifyou are using a variety of automatic controls to time and regulate watering,
make sure they have a manual override feature and that you use it. This way,
ifit rains, you can cancel your next watering. Alternately, use a soil tensiom-
eter to automatically cancel waterings as necessary.

m Attach a cathodic conditioner to the sprinkler system’s water supply to reduce

the pressure ofthe water and the force of its spray. By reducing the surface
tension of the water, between 25 and 50 percent less water is expended and
wasted. A cathodic conditioner must be installed by a plumber, who inserts it
either at the outside water supply if a mobile sprinkler is used or at the point
where the pipes leave the building for sprinklers with underground pipes.

Select drought-resistant trees, shrubs, and low-water-demand ground
covering that consume less water than grass.

Replacement Options

m Install an irrigation system that has controls or sensors.

m Use low-flow sprinkler heads instead of turf sprinklers in areas with plants,
trees, and shrubs.

m Use atrickle or subsurface drip irrigation system (also known as a soaker

hose) that is installed underground and provides water directly to turf roots,
preventing water loss by evaporation and runoff. (Figure 3—12shows a
subsurface drip irrigation system that uses graywater, as discussed in
Chapter 4.)
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Figure 3-12. Subsurface Drip Irrigation System.
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XERISCAPING

Xeriscaping is a comprehensive water management approach to landscaping
that is based on selecting, placing, and maintaining plants that optimize water
use. (The word xeriscaping is from the Greek “xeros,” meaning dry.)

Xeriscaping not only considers the types of plants, but also how they grow,
are maintained, and how they interact with the climate and soil conditions.

For maximum water savings, all ofthe following seven steps of xeriscaping
should be initiated. Even ifyou decide to implement just one of the steps,
however, you should still achieve some water savings.

The seven steps are:
m Step 1: Practice good landscape design
m Step 2: Analyze and improve soil
m Step 3: Choose appropriate plants
m Step 4: Establish practical turfareas
m Step 5: Water efficiently
m Step 6: Use mulch
m Step 7: Practice appropriate maintenance

Figure 3—-13shows a typical xeriscaped landscape.

Step I: Practice Good Landscape Design

Good landscape design is the basis of xeriscaping. The first step is to analyze
and prepare your site. Factors that will influence your landscape design include:

m Existing site characteristics that limit options, such as draining areas or
pathways.

m Directional (north-south) orientation, which impacts sun exposure.
m Existing shade areas, which can be 20°F cooler than sunny spots.

m Existing plants, trees, and shrubs — protectiraxisting foliage adds value to
the site and also reduces landscaping costs when engaging in a new construc-
tion project.

m Large expanses of concrete and nonpermeable surfaces, which contribute to
runoff. Alternatives such as gravel or permeable paving can prevent water
from accumulating on sidewalks and in parking areas.
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Figure 3-13. Typical Xeriscaped Landscape with Plants Grouped
by Water Demand Category.

Municipal Building

ry T T
- oA - &
©oo, Low Water! memn o wen

' Shrub Zone
- —

Moderate Water i ” ub
Turf Zone —

Low Water
Turf Zone

™ ShrubZone - MR |
i | m— i .

LR Emm | | mEm  EE  EE D
H- - — - g”— | Very Low Water | | —_—
AU e Turf Zone | 1 S A -

—— o = —me = . ] B [ B ] -

Step 2: Analyze and Improve Soil

m The quality of your soil will determine which plants will work in your
landscape design. Your local county soil or agricultural extension office can

analyze your soil and suggest ways to improve its ability to support plants and
retain water.
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m To protect your soil, never allow construction or other heavy trucks or
machinery to park beneath trees, or allow dumping of trash, solvents, or
debris containing toxics near trees.

Remember the
“Golden Rule” of
xeriscaping: Plants do
not conserve water,

Step 3: Choose Appropriate Plants people do

m Indigenous plants may require less water than those imported from other
areas. Contact local nurseries or landscape professionals who advertise
“native landscaping” services.

m Xeriscaping plants—ondbat are low-maintenance, pest-tolerant, and can
survive with minimal water — cgorovide year-round color and require less
fertilizer, pruning, and maintenance, saving your facility money, water, and
labor. Many gardening centers now have special sections devoted to low-
water-demand plants.

Step 4: Establish Practical Turf Areas

Turf (or grass) is one of landscaping’s biggest water consumers, yet serves as one
of the best ways to reduce runoffand erosion and recharge groundwater. The
type of turf, its placement, and how it is maintained can all dramatically affect
water consumption.

Some guidelines include:

m Pick the turf that will work best. Consider shade, temperature, soil fertility,
water use, and drought resistance when deciding which variety is best for
your facility.

m Place turfwhere it will look best and be most functional. Limit its use, for
example, to play or recreational areas and along walkways. Remember not to
design turf spaces that are difficult to water or mow.

m Mow turfto the proper length. Traditional wisdom has been to cut just a
little off the top of the grass to make it more stress tolerant. However, turf
mowed at a constant height (always high or always low) will actually require
more water to preserve the turfand to reach the roots.

The best approach is to alternate the cut high and low. Mowing low will
allow for less water usage, and mowing high will help to develop a deeper
root system, and therefore, more drought-tolerant grass. This method of
mowing may help reduce water use by as much as 30 percent, and will not
dramatically impact clipping yields.
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When to Water

A simple change in your watering schedule may produce significant water
savings, as proven by the City of Tampa, Florida, in a pilot project to assess
the efficiency of existing landscapes and their irrigation systems. Twenty-five
Tampa properties were chosen, 14 of which were commercial/business
properties. The evaluation team found that the greatest potential for
conservation, with the lowest associated cost, was to change the irrigation
schedule. Recommendations given to property owners and operators
included reducing run times for individual zones, eliminating some irrigation
days (for example, cutting back from twice to once per week for accept-
able zones), and incorporating seasonal irrigation cycles.

Step 5: Water Efficiently

m Do not water excessively. Most lawns and plants require only about 1 inch of

water a week during the growing season. Not only is excess watering a waste,
the extra water undermines the effectiveness of fertilizers. Instead, water
deeply once aweek. (Figure 3-14).

Group plants by “water-use zones” that combine high, moderate, and low-
water-demand ground coverings and plants together. Water a specific type
of plant only when needed.

Water only in the early morning or nighttime, to avoid excess evaporation.
Water turfwith sprinklers.

Water trees, shrubs, and flowers with low-volume drip, spray, or bubbler
emitters. Drip systems in particular will eliminate wasteful runoff. When

using drip irrigation systems, cover the hoses or tubes with mulch to control
evaporation.

Step 6: Use Mulch

m Mulch made out of fine-textured, organic, nonmatting materials such as

assorted barks and leaves is one of the best ground coverings. It requires no
water and little maintenance.

m Mulch placed around the bases of plants, trees, and shrubs will improve the

soil, reduce water evaporation, encourage root growth, improve water
penetration, and ultimately extend the time between waterings.
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Figure 3—-U4. Grass Root Growth Patterns.

Deep root growth, like in the grass clump on the left, is a product of deep, occasional
watering. Shallow root growth, as in the grass clump on the right,is a product ofshallow
but frequent watering.

Step 7: Practice Appropriate Maintenance

m Prune plants and trees only when necessary. Heavy pruning accelerates
growth and increases their need for more water.

m Do not cut grass to less than one-third of its original height.
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 ON-SITE WASTEWATER

s discussed in previous sections, there are many plumbing products and
water-conserving technologies available to help reduce water usage. One
of the most significantly overlooked areas ofwater management, however, is
the potential for the treatment and reuse of wastewater on-site.
Traditionally, centralized municipal sewage treatment facilities have been
the primary source of water disposal for government facilities. However, water
shortages have heightened public concern about the availability of our water

supply and have forced facility managers to seriously consider on-site recycling
of the wastewater their buildings generate. In fact, on-site recycling can provide

significant water savings in most types of buildings.

Current Practices

On-site wastewater recycling applications are currently found in states with
persistent drought conditions. However, all arid, semiarid, and coastal areas
that have experienced water shortages, as well as major urban areas where
sewage treatment plants are overloaded and expansion is constrained, are
potential candidates for on-site recycling.

Typically, wastewater that is recycled on-site is used for the following
purposes:

m Flushwater for toilets and urinals
m Landscape irrigation
m Supply water for ornamental ponds

m Makeup water for cooling towers

On-site wastewater
recycling can provide
significant water
savings in most types

of buildings
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Types of Recycled Water

Water available for recycling falls into two broad categories: graywater and
blackwater. Graywater is water that is generated by bathroom sinks, showers,
and clothes washing machines. Blackwater is water flushed down toilets and
urinals and water discharged from kitchen sinks that contains oil, fat, and
grease.

The basic difference between graywater and blackwater is that graywater
generally does not contain fecal matter and food waste, whereas blackwater
does. Both graywater and blackwater can contain pathogens (disease-causing
organisms).

For these reasons, blackwater and graywater must be treated before they are
reused. At its most basic, treatment consists of removing suspended solids from
the water. At its most sophisticated, treatment consists of biological treatment
with membrane filtration, activated carbon, and ultraviolet light or ozone
disinfection. Additionally, precautions must be taken to prevent humans and
animals from coming into contact with potentially pathogen-containing water.
These concerns, however, are relatively easy to address with an appropriate
system and sensible practices.

Basic Considerations

The use of on-site wastewater recycling systems should be considered when
constructing new buildings. Even though many of these systems are costly to
purchase, the payback period in savings from discharging less wastewater can be
as little as 7 years.

Types of Systems

The two basic on-siterecycling systems are graywater systems and combined
wastewater treatmentandrecyclingsystems. Both operate on the same basic
principle — collectirand reusing water—and both have the same basic system
components: piping, filter media, pumps, and storage units. Their differences
mainly stem from the type ofwater they recycle, their degree of complexity, and
the extent to which they treat recycled water. Most graywater systems only filter
graywater. In contrast, combined wastewater treatment and recycling systems
filter and treat both graywater and blackwater.

In some areas of the country, it is also possible to purchase reclaimed water
from a central municipal facility. Reclaimed water has been treated and recycled
for all nonpotable use. This water is suitable for all graywater uses and is
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available at a significantly lower rate than potable water (refer to “Use of
Reclaimed Water Saves 1.4 Million Gallons of Fresh Water at GSA Facility™).

A detailed discussion of graywater and combined treatment recycling systems
along with a description ofa reclaimed water case study follows.

Use of Reclaimed Water Saves 1.4 Million Gallons
of Fresh Water at GSA Facility

“In 1991, over 5 million gallons offresh water were used to irrigate the grounds, including trees and shrubs.
After connecting to the City’s reclaimed water in 1992, we reduced fresh water usage by about | million
gallons, or 25.5 percent,” commented James E.Bennett, GSA Field Office Manager. “Over $4,000 was saved
on water bills,too, by using the less expensive reclaimed water.”

The William C. Cramer Federal Building, a Federal office operated by the General Services
Administration (GSA) in Tampa, Florida, saved 1.4 million gallons of fresh water in fiscal year 1992.
The building’s irrigation system was connected to the City of St. Petersburg’s reclaimed water lines.
Businesses plagued by persistent drought conditions in southern Florida have been encouraged to use
the City’s reclaimed water, which costs significantly less than fresh water.

The eight-story Cramer Building houses about 900 employees. Built in | 967, it has more than 15,000
square feet of turf, including 17 trees and several hundred shrubs. The underground irrigation system
includes 180 sprinkler heads that disperse water in various full-, half-, and quarter-arc patterns,

depending on the landscape. Often, watering takes place twice a week and occurs before 9
after 5 p.m.

“The connection of our irrigation system to the City's distribution lines was inexpensive and prob-
lem-free,” Mr. Bennett added. “This project is the first of its kind in GSA Region 4. We hope that our
success will impact the way water is considered in concept and design of future building projects by
GSA engineers, staff, and other Federal agency personnel.”

Prompted by this success, Mr. Bennett is planning to use reclaimed water in the building’s cooling
towers in the near future. The reclaimed water will replace freshwater supplies typically used for
bleed-offs. He is also using other means to limit fresh water use by GSA facilities in his area. For
example, Mr. Bennett is investigating the use of rainwater captured from the roof for irrigation at a
courthouse building in Tampa.
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Recycled graywater is
most commonly used

for residential

landscape

irrigation

Graywater Systems

Graywater is water that is generated by bathroom sinks, showers, and clothes
washers. It usually does not include kitchen water, which may contain oil, fat,
and grease. Graywater is recycled and used in many areas of the United States,
both in residential and commercial applications, and most commonly for
residential landscape irrigation. Graywater also can be used as flushwater for
toilets and urinals.

In a graywater recycling system, water that normally would be discharged to
a municipal sewage treatment plant is instead collected, treated to remove
suspended solids and sludge, and reused. The basic steps in graywater recycling
areasfollows:

m \Wastewater is collected from sinks, showers, washers, and the like.

m The water is piped to a treatment unit, which can be either physical (such as
afilter), biological, or chemical.

m After filtration, the water is then stored and pumped to its ultimate end-use,
such as irrigation, where it is regulated by a combination ofvalves and
controls.

Note: Depending on the intended use of the graywater, it may also be treated
and disinfected after filtration.

System Components

Graywater systems range from simple, residential applications to complex, fully
automated commercial and industrial systems. Regardless of their complexity,
all graywater systems include most or all ofthe following elements:

m Storage tank(s) (typically made of fiberglass or industrial-strength plastic)

m Piping (color-coded PVC)

Filters (polyester, cloth, and the like)
m Pump (fractional horsepower)

m Valves (three-wayand check)

m Controls (manual or automatic)

Figure 4-1is a schematic of a graywater piping and distribution system.

Collection Methods

For buildings with slab foundations, recoverable graywater may be limited to
washing machine discharge, because most drain pipes (such as for sinks) are
buried beneath the slab and thus not easily accessible without a significant
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Figure 4-1. Typical Graywater Piping and Distribution System.
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additional expense. However, buildings with perimeter foundations permit
access to piping from crawl spaces, enabling recovery of most graywater sources.

Treatment Methods

Graywater treatment methods include media filtration, collection and settling,
biological treatment units, reverse osmosis, sedimentation/filtration, and
physical/chemical treatment. Depending on the graywater source, application,
recycling scheme, and economics, one method may be more appropriate than
the other. These methods are discussed below.

Media Filtration

Filters made of nylon, cloth, sand or rocks, and grates can all be used for
graywater filtration. A nylon or cloth filter system consists of a filter bag
connected to the graywater inlet pipe. The graywater is passed through the filter
media, collected, and typically pumped to a mini-leach field (an underground
gravel filter) for irrigation uses.

Some filters use a sand- and rock-filled tank. In these systems, graywater is
poured onto splash plates, where it then seeps through the filter media. Bacteria
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growing on the sand break down the organic matter in the water and extract
nutrients, which prevents further bacterial growth (bacteria need these nutrients
to grow). Other types of filters used to treat graywater include filters that use
pea-sized stones instead of sand; diatomaceous earth filters, which are com-
monly used to filter water for swimming pools and spas; and rack or grate
filters, which can be used to remove particulate matter.

Collection and Settling

Collection and settling systems employ techniques commonly used for treating

combined graywater and blackwater. For example, one such system uses a septic
tank. Solids from the incoming graywater settle to the bottom sludge layer and

other materials, such as grease and hair, form an upper scum layer. The remain-
ing effluent liquid then flows through an outlet pipe for further treatment.

Biological Treatment Units

Biological treatment units usually comprise three chambers: presettling, aera-
tion, and final settling (with sludge return). Graywater flows into the
presettling chamber, where solids settle out. The remaining effluent then flows
into the aeration chamber, where biological action reduces soluble organics. In
the final settling chamber, biologically active solids settle out. These treatment
units usually are used in large commercial applications.

Reverse Osmosis

Reverse osmosis units have been tested for graywater treatment. These systems
comprise storage tanks, pumps, filtration units, and a reverse osmosis module.

The water is collected and filtered, then pumped into the reverse osmosis unit.

Sedimentation/Filtration

There are a variety of sedimentation/filtration treatment systems, most of which
have a conically shaped storage/settling tank and a filter. A variety of filters can
be used, ranging from easily discarded cartridge filters, to diatomaceous earth
filters, to activated charcoal filters.

Physical/Chemical Treatment

In physical/chemical treatment, graywater flows through a rapid mix tank,
where polymer and activated carbon are added. The mixture of graywater,
polymer, and carbon flows to a clarifier, where a sludge conditioner is added.
After settling, the remaining water is disinfected and passed through a diato-
maceous earth filter.
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Disinfection Techniques

After graywater is treated, it may then also be disinfected. Four different
disinfection techniques may be used to treat graywater for reuse within or
outside buildings: ultraviolet irradiation, ozone, chlorine, and iodine. These
four techniques are outlined below.

Ultraviolet Irradiation

Ultraviolet (UV) irradiation disinfection involves passing graywater under an
ultraviolet lamp to kill microorganisms. For effective disinfection by UV,
graywater must be free of particulate matter.

Ozone

Ozone is a highly reactive form of oxygen that is formed naturally when the
sun’s shortwave ultraviolet light reacts with oxygen in the upper atmosphere.
Disinfecting graywater by exposing it to ozone is very safe and can destroy
algae, bacteria, and viruses and oxidize most organic and inorganic contami-
nants. While ozone in large doses can be harmful to humans, a well-designed

ozone system for graywater disinfection poses no harmful or irritating prob-
lems.

Chlorine
Chlorine tablets are the most commonly used method of graywater disinfection

in residential applications. Bacterial reductions occur after about 30 minutes of
exposure to the chlorine.

lodine

lodine crystal units operate in the same manner as chlorine tablets. However,
because of iodine’s limited solubility, a dosing pump is required to ensure
adequate pressure and flow ofwastewater for the iodine crystals to dissolve.

Storage

After treatment, graywater can be stored for no more than 48 hours. Water that
cannot be used by this time must be discharged to the municipal sewer system.

Installation Considerations All graywater outlets
Graywater systems must be installed in accordance with local plumbing codes must be clearly
and by professional, licensed plumbing contractors. Installing a graywater labeled to state that
system requires the retrofitting of existing plumbing, and all alterations to the they dispense

. o tabl t
plumbing system must be approved by local authorities. nonpotable water

All counties and cities that permit graywater recycling require building
inspectors to inspect sites and, after the installation, verify compliance and
proper operation of the graywater system.
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Local authorities may require that graywater supply systems be clearly
distinguished from potable (drinking) water supplies. Methods of doing so may
include extensive labeling ofthe system or the use of different piping materials
for the different systems — fexample copper type “1” for the potable system
and PVC for the graywater system. All graywater outlets must be clearly labeled
to indicate that they dispense nonpotable water. Local codes also may require
marking graywater supplies by adding biodegradable dye. Additionally,
backflow preventers also must be installed to ensure the proper separation of
potable water and graywater supply systems.

Operation and Maintenance Considerations

The pathogenic organisms in graywater must not come into contact with either
humans or animals. There are several precautions to ensure this does not
happen. First, either treat the water to eliminate pathogens or avoid their
introduction into water by not mixing graywater with any source water that
could contain fecal matter. Second, prevent human exposure to the graywater by
not collecting or storing it in an open container.

Graywater used for irrigation should not be applied directly through a
spraying device, but rather injected directly into the soil through drip irrigation.
Drip irrigation allows you to receive the benefits of using recycled water and at
the same time avoid contaminating animals, humans, and edible plants.

It is also important to make sure that cleaning products found in the
graywater do not contain chemical levels that could poison plants or damage
soil through the buildup of inorganic salts. Biodegradable cleaners that contain
no sodium, chlorine, or boron can be safely used with graywater systems and are
commerciallyavailable.

Rain or excessive irrigation could cause ground saturation and result in pools
of graywater on the surface. To help eliminate this situation, turn off the
graywater system and divert the graywater to the sanitary sewer line during
rainy periods.

A maintenance program for a graywater system must include the following
steps, all ofwhich must be performed regularly:

m Inspecting the system for leaks and blockages

Cleaning and replacing the filter bimonthly

Replacing the disinfectant

Ensuring that controls operate properly

m Periodically flushing the entire system
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Combined Wastewater Treatment
and Recycling Systems

Combined wastewater treatment and recycling systems differ from graywater
recycling systems in that they collect and treat all wastewater —thas, both
graywater and blackwater. These systems have many significant advantages over
conventional wastewater treatment and disposal systems, both from water and
wastewater management perspectives. Although the initial costs of combined
wastewater treatment and recycling systems currently are not cost-competitive
with using an on-site septic tank/leach field or discharging wastewater into
public sewer systems, the ultimate savings from reduced water consumption and
wastewater discharge can be significant. Furthermore, there are many sites that
currently cannot be developed but could be through the use of a combined
wastewater treatment and recycling system. These sites include the following:

m Sites that cannot be served by a public sewer or are currently under a sewer
moratorium.

m Areas in which on-site problems prohibit the use of a large sanitary leach
field.

m Sites where conventional on-site treatment is a problem because of poor soil,
high groundwater, wetlands, or concerns about groundwater contamination.

m Areas where water conservation is a primary consideration.

Currently, combined wastewater treatment and recycling systems are commer-
cially available from only a few companies, some ofwhich also manufacture and
distribute graywater systems.

Of the approximately 100 combined wastewater treatment and recycling
systems currently in use in commercial buildings, most recycle the treated
wastewater for toilet and urinal flushing. Other end-uses include landscape
irrigation and supply water for ornamental ponds.

Many sites that
Basic System Components currently cannot be
developed could be
through the use
of a combined

The major components of combined wastewater treatment and recycling
systems include collection and storage tanks, piping, filter media, pumps, and

controls. Depending upon the application involved, controls are usually more wastewater
complex and, in most cases, microprocessor-based. Figure 4-2is a schematic of treatment and
a typical combined wastewater treatment and recycling system for commercial recycling system

and industrial buildings.

As in graywater systems, there are a variety ofways to treat water in com-
bined wastewater treatment and recycling systems, including aerobic treatment,
collection, settling and sand filtration, and biological treatment with filtration
and disinfection.
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Figure 4-2. Combined Wastewater Treatment and Recycling System
for a Commercial and Industrial Building.
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In an aerobic system, an aerobic biological treatment process oxidizes and
removes soluble or fine, suspended materials. This system provides the
compartmentation, hydraulic flows, and the oxygen necessary to optimize the
aerobic process. In this system, usually no additional chemicals are required.

Collection, settling, and sand filtration systems use septic tanks to collect the
combined wastewater from the building. The wastewater is then pumped to the
sand filter to remove suspended materials.

The most sophisticated systems incorporate biological treatment with
membrane filtration, activated carbon, and ultraviolet light or ozone disinfec-
tion. In these systems, sludge accumulates in a trash trap or in a biological
treatment unit, which is typically housed in the basement of the building it
serves or in a separate outbuilding.

Application Considerations

When designing a combined wastewater treatment and recycling system, it is
important to consider not only how much wastewater the facility produces, and
therefore how much wastewater will need to be treated, but also how much of
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this recycled wastewater the facility will actually need. It commonly is assumed
that 50 percent of the occupants are men and 50 percent are women. Women
use a toilet 100 percent of the time and studies have shown that men use the
toilet 24 percent of the time and the urinal 76 percent of the time. The total
sanitary facility use over an eight-hour period is three uses per person per day.
In addition, lavatory sink use is estimated at 0.25 gallons per toilet or urinal use.
The contribution to flow from urination adds approximately 0.07 gallons per
day (gpd) per fixture use. It is important to remember that because recycled
water must not be stored for more than 48 hours before use or discharge to the
municipal sewer, the size ofyour system and water storage tanks must be
tailored to the actual amount of recycled water needed.

Operation and Maintenance Considerations

One of the major obstacles to the widespread approach and acceptance of

combined wastewater treatment and recycling systems is that regulatory agen-

cies are concerned about the systems’ operational and maintenance reliability.

To address these concerns, most manufacturers of these systems have developed

computerized monitoring and control systems that provide remote monitoring

and alarm capability for a constant daily surveillance of each system. Manufac- many _significant
turers also offer (either directly or through authorized distributors) annual advantages over
service contracts to ensure reliable operation of the equipment and controls. conventional

These precautions make the systems very reliable. wastewater
treatment and

These systems have

cost disposal systems

The installed cost of combined wastewater treatment and recycling systems
varies with the system size and capacity. Prices can range from $70,000 for a
unit that serves 100 people to $450,000 for a unit serving 2,500. Because the
relative cost of this equipment can remain high compared to decreased water
costs, building owners usually lease, rather than purchase, such systems.t

1 Enviro-Management & Research, Inc.. and the National Association of Plumbing-Heating-
Cooling Contractors, Assessment of On-Site Graywater and Combined Wastewater Treatment and
Recycling Systems (Washington, D.C.: Environmental Protection Agency, 1992).






GLOSSARY

Aerator: a device installed in a faucet or showerhead that adds air to the water
flow, thereby maintaining an effective water spray while reducing overall water
consumption.

Aerobic Treatment: a biological treatment used to oxidize and remove soluble
or fine materials.

Blackwater: water discharged from toilets, urinals, and kitchen sinks.
BLCC: Building Life-Cycle Costing.

Bleed-Off: the release ofbuilt-up solids in a cooling tower by removing a
portion of the recirculating water that carries the dissolved solids.

Cathodic Conditioner: a device attached to a sprinkler that lowers the surface
tension of the water flow, which saves 25 to 50 percent of the water used in
irrigation.

Combined Wastewater: a facility’s total wastewater, both graywater and
blackwater.

Condensate: water used in a boiler or steamer that has not evaporated.

Cooling Tower: equipment that uses water to regulate air temperature in a
facility by either rejecting heat from air-conditioning systems or by cooling
down hot equipment.

CutoffControl Valve: a retrofit device for faucet or shower fixtures that
enables the user to shut off existing waterflow (for example, while shampoo-
ing), and restart it at the previous temperature.

Cycles of Concentration: number oftimes water is used in a cooling tower
before it is discharged as bleed-off.

Glossary-1
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Glossary-2

Declining Block Rate: a fee structure whereby the price per unit decreases as
consumption increases.

Diatomaceous: consisting of or abounding in diatoms or their siliceous re-
mains. Diatoms are minute planktonic algae; diatomaceous earth is often used
as a filtering agent.

Displacement Devices: toilet retrofit devices, including dams, bags, bottles, and
the like, designed to displace tank water, thereby reducing the water consump-
tion of each flush.

Drip Irrigation: awatering method typically using a water pipe or hose with
small, evenly spaced holes, which evenly and slowly deliver water directly to turf
and landscape roots.

Dual Flush Adapter/Device: a retrofit device designed to adapt a toilet to dual
flush, where the first flush uses only a portion of the tank water to remove solid
wastes and the second, smaller, flush uses the remaining water to remove liquid
wastes and paper.

Early Closure Device: atoilet device that closes the tank flapper early during
the flushing cycle, thereby using less water with each flush.

Evaporation: the act ofwater or other liquids dissipating or becoming vapor or
steam.

Faucet Aerator: either a device inserted into a faucet head or a type of faucet
head that reduces faucet water consumption by adding air to the water.

Faucet Restrictor: a device inserted in a faucet head behind its particle trap
screen that reduces waterflow by forcing water through a opening smaller than
that of the original head.

Flat Rate Fee: a fee structure in which the price ofwater per unit is constant,
regardless of consumption.

Flow Restrictors: washerlike disks that fit inside faucet or shower heads to
restrict waterflow.

Flushometer Valve Toilet: also known as a flushometer toilet, a tankless toilet
with the flush valve attached to a pressurized water supply pipe. When acti-
vated, the connecting pipe supplies the water to the toilet at a flow rate neces-
sary to flush waste into the sewer.

Graduated Rate: a fee structure whereby the price per unit of water increases as
consumption increases.

Gravity Flush Toilet: a toilet designed with a rubber stopper that releases water
from the toilet’s tank, after which gravity often forces the water, which collects
the waste, into the bowl and through a trap.



Graywater: used water discharged by sinks, showers, bathtubs, clothes washing
machines, and the like.

Irrigation Timer: a device that can be manually scheduled to regulate when and
how much water a facility’s landscape receives.

Life-Cycle Cost Analysis: a process ofevaluating the total purchase and operat-
ing cost of a water efficiency option (that is, retrofit, replacement, and the like)
that considers the cost over the life of the system versus solely the initial cost of
the system or equipment.

Low-FlowToilet: a toilet that uses 3.5 gallons of water per flush.

Meter: a device installed by a water utility to measure a facility’s water con-
sumption.

Ozonation: a chemical process that uses ozone to cleanse a cooling tower of
microbes and other foreign matter.

Potable Water: clean, drinkable water; also known as “white” water.

Pressurized Tank Toilet: a toilet that utilizes a facility’s waterline pressure by
pressurizing water held in a vessel within the tank, compressing a pocket of
trapped air. The water releases at a force 500 times greater than a conventional
gravity toilet.

Pressurized Reduction Valve: avalve designed to reduce a facility’s water
consumption by lowering water pressure per square foot (requires utility instal-
lation).

Pulsaters: a shower or faucet head attachment (retrofit) that conserves water by
varying the water spray pattern from the head with alternate strong and light
flows.

Retrofit: changing, altering, or adjusting plumbing fixtures to save water or
make them operate more efficiently.

Self-closing Faucet: a faucet that automatically cuts off waterflow after a
designated amount of time (usually a few seconds).

Sensor: a device that controls waterflow through detection. Sensors, typically
either electronic motion-detecting or ultrasound, detect motion to automati-
cally start waterflow and turn it off.

Sidestream Filtration System: rapid sand or high-efficiency cartridges that
draw water from a basin, filter out sediment, and return the filtered water to the
cooling tower, enabling the system to operate more efficiently while using less
water.

GLOSSARY

Glossary-3
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Glossary-4

SiphonicJet Urinal: a urinal that automatically flushes when water, which flows
continuously to its tank, reaches a specified preset level.

Soil Tensiometer: a device that measures ground moisture content to control
sprinklers or other outdoor watering devices.

Source Meter: awater meter that records the total waterflow into a facility. See
also Submeter.

Submeter: awater meter that records water use by a specific process or building
within alargerfacility. Seealso Source Meter.

Sulfuric Acid Treatment: a treatment that lowers the pH in cooling tower
water by converting a portion of the calcium bicarbonate to the more soluble
calcium sulfate, which controls scale or mineral buildup and allows the cooling
tower water to operate more efficiently.

Toilet Dam: a flexible insert placed across the inside ofa toilet tank that holds
back water when the toilet is operated, lowering the water consumed with each
flush. See also Displacemeni Devices.

Ultra-LowFlow Toilet: a toilet that uses 1.6 gallons or less ofwater per flush.
Water Audit: a building- or facilitywide assessment ofwater use.

Water Balance Diagram: a diagram that tracks water flow through a building
or facility; total water inflows in the diagram equal total outflow plus water lost
through consumption, irrigation, and evaporation.

Xeriscaping: the selection, placement, and care ofwater-conserving and low-
water-demand ground covering, plants, shrubs, and trees in landscaping.
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APPENDIX A. FEDERAL, STATE,
AND ComMMuNITY WATER
CONSUMPTION STANDARDS

he Energy Policy Act of 1992 set Federal water consumption standards

for plumbing fixtures manufactured after January 1,1994, but in addi-
tion, many states and communities have also adopted water consumption
standards for buildings within their boundaries. These standards may be more
stringent than Federal standards set by the Energy Policy Act. Seventeen states
and numerous local communities had adopted water conservation legislation,
and 3 other states had water conservation legislation pending before the Energy
Policy Act of 1992 was even signed. Many of these states and communities
began their water conservation practices in the 1980s, the earliest of which was
Goleta, California, in 1983. Facilities should conform to both Federal and local
water conservation standards.

These states and communities established their water conservation legisla-
tion and incorporated water-efficiency plumbing-fixture standards in their
plumbing and building codes for many different reasons, including the follow-

ing:

m To preserve and protect their water sources, both surface and groundwater
m To ensure water availability for all beneficial uses

m To reduce water and energy costs

m To regulate the plumbing and fixture trade

m To protect health and the environment

Above all, these states and communities recognize the value ofwater as a
precious resource. Table A-1shows Federal, state, and community water
conservation standards.
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Table A-l. Federal (Energy Policy Act of 1992), State,

and Community Water

Conservation Standards.

Effective Toilets® Urinals Showerheads Lavatory Faucets Kitchen Faucets

Jurisdiction Date (gpf)  (gpf) (gpm) (gpm) (gpm)
Federal

(Energy Policy Act) 1/1/94 1.6 1.0 2.5 @ 80 psi 25 @ 80 psi 2.5 @ 80 psi
Arizona 1/1/93 1.6 1.0 2.5 @ 80 psi 2.0 @ 80 psi 2.5 @ 80 psi
California 1/1/92 1.6 1.0 2.5 @ 80 psi 2.2 @ 60 psi® 2.2 @ 60 psi°
California, Goleta 1983 1.6 1.0 2.0 @ 80 psi 2.0 @ 80 psi 2.0 @ 80 psi
Florida, Tampa 6/1/90 1.6 1.0 2.5 @ 80 psi 2.0 @ 80 psi 2.0 @ 80 psi
Georgia

Residential 4/1/92 2.5 @ 60 psi®

Commercial 711/92 1.6 1.0 25 @60 psib 2.0 2.0 @ 80 psi
Maryland, Aberdeen 3/30/90 1.6 1.0 2.5 @ 80 psi 2.0 @ 80 psi 2.0 @ 80 psi
Maryland,

Calvert County 6/3/86 15 1.0 2.5 @ 80 psi @ 80 psi 2.0 @ 80 psi
New York 1/1/90 15 1.0 2.5 @ 80 psi 2.0 2.0 @ 80 psi
Rhodelsland 9/1/90 15 1.0 2.5 @ 80 psi 2.0 @ 80 psi 2.0 @ 80 psi
Texas 1/1/92 15 1.0 2.5 @ 80 psi 2.2 @ 60 psiC 2.2 @ 60 psic
District of Columbia 1/1/92 15 1.0 2.5 @ 80 psi 2.0 @ 80 psi 2.2 @ 60 psi©

gpf = gallons per flush
gpm = gallons per minute
psi = pounds per square inch

Sources: Adapted from information provided by the Portland, Oregon, Bureau of Water Works; Amy Vickers and Associates;
the National Wildlife Foundation; and Wade Miller Associates, Inc.

‘The maximum water useallowed for any gravity tank-type white, 2-piece toilet which bears an adhesive label conspicuous
upon installation consisting of the words “Commercial Use Only” manufactured after January 1, 1994, and before January 1,
1997. is 3.5 gallons per flush. The maximum water use allowed for flushometer valve toilets, other than blowout toilets,
manufactured after January 1, 1997, is 1.6 gallons per flush.

b5 gpm is equivalent to 2.9 gpm at 80 psi when measured at a test pressure of 60 psi.

<2.2 gpm is equivalent to 2.5 gpm at 80 psi when measured at a test pressure of 60 psi.



APPENDIX B. WORKSHEETS

he following preliminary worksheets may be used to help conduct a

facility water survey. They should be used in conjunction with Chapter 2
to help develop a water management plan tailored to a specific facility. The
first worksheet is for recording general information about consumption and
should be completed first; subsequent worksheets focus on specific water-
consuming systems in and around a facility. Together, they should help provide
a better understanding of current water use, which is essential to improving
water management through making the operational or equipment changes
suggested in this book.
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APPENDIX C. SAMPLE LETTER
TO BulLDING OCCUPANTS

A s you implement your facility’swater management program (Step 6),
you will also want to recognize your facility’s employees as an integral
part of the campaign to save water and money.

Following is a sample letter that, as a facility manager, you would send to
building occupants once you have determined your water management pro-
gram. Ideally, your building’s employees will already be aware ofthe water
management program, as you would have alerted them — angbught their
input— duringarious stages of the comprehensive facility audit (for example,
in evaluating hours of equipment use and by whom). You may want to send the
letter with the signature of your agency’s director to indicate this program has
the enthusiastic support of top management. And to make sure everyone in the
facility receives the letter, talk to payroll staff about including it in paycheck
envelopes.

In keeping with a comprehensive approach to water management, you
probably recognize that a letter alone is not sufficient. You will also want to
post signs in restrooms and kitchens, alerting users that a water management
program is in place. Particularly in the case of new equipment, be sure to post
signs indicating how the equipment has been changed and how users should
use it. With sensors on sinks, for example, indicate that anything within view
ofthe sensor‘s eye will cause the water to flow. Tell visitors how they are
activated and why they were installed. It might also be of interest to users to
know exactly how much water they are saving: perhaps an occasional sign
showing that the third floor ladies room, for example, has saved 25 gallons a
day compared to last year at this time, for a cumulative total of 1 million
gallons in water savings and a specific amount in utility savings. Involving
facility users helps to keep consciousness raised and ensures the program’s
success.

The following sample
letter will help
recognize facility
employees as integral
to the water
management program
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Date

Dear occupant:

In keeping with recent legislation requiring Federal facilities to conserve water,

will be implementing a water management program over the next

name of facility

length of time

As part of our water management program, we need occupants to do
name offacility
their part. As you have in the past, we want you to continue to let building operation or

maintenance staff know if you see a problem such as a leaking faucet, running toilet, or

sprinklers watering the sidewalk. Most of the time, you are the water users in

and we count on you to let us know when there is a problem.
name of facility

In addition to maintenance, has initiated the following water manage-
name of facility
ment improvements, which will save us x percent in water consumption:

m Toilets have been modified so that the flush can operate on two levels. The flush back —the
big flush—is forwaste disposal, while the forward flush is for liquids. Both flushes use

considerably less water because we have modified the toilet’s tank so less water comes in

and out.

The toilet modifications above will not give us the savings we would realize with new,
ultra-efficient toilets. They will, however, help us to begin saving water and money, and
our budget for 1996 includes funding for new toilets throughout the building (where cost-
effective). All toilets now made must be ultra-low flow, so our new fixtures will save the

maximum amount possible.

Signs have been posted on toilet stall doors alerting individuals as to the proper way to

flush. Please let building management know if the signs are down for any reason. Please
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also spread the word among visitors that we have a water manage-
name of facility

ment program in place.

m Faucets have been adjusted and the water flow reduced. You will still have enough water to

wash your hands, but the overall process should use less water.

Especially on the first floor, where we have a large number of visitors, we are currently
exploring conversion of our manual faucets to fixtures that respond to sensors. Through
either infrared or ultrasonic sensors, the devices would detect the presence of an
individual's hands below the faucet, and water would flow accordingly. When the hands

are removed, the water automatically shuts off.

m Outside, on grounds, we are approaching spring and our traditional
name of facility

""planting”*season a little differently. By adhering to the principles of xeriscaping —the

selection and placement of plants to optimize water use—we can save 30 to 80 percent of
our landscape irrigation cost. Our front walk will still be colorful this summer, but the
plants we choose will meet a new, drought-tolerant criteria. And you will gradually see us

moving away from a broad lawn to a more landscaped area, as our program evolves.

Our long-term water management goal is to make efficient use of water throughout the

building. We are moving in that direction through the modifications
name of facility

made to our toilets and faucets and through a change in 's landscape.
name of facility

But just as important as the changes we make is the commitment to water management by

's occupants. Without our employees playing an active role in conserv-

name of facility
ing water, our efforts alone will not be enough. Please take a moment to give us your thoughts

and suggestions on saving water. The most creative suggestions will be featured in a new

water column in 's newsletter.
name of facility

With thanks,
Name

Director of Operations

p.s. Toreport leaks or other water problems, call my office at 555-1111.
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