
Page 1 of 2Title Page

2/1/2017file:///I:/FCE-Backup/Documents/FCE-2015-12/My%20Web%20Pages/FR/Water-Conserva...



Acknowledgements

The author wishes to thank Dr. Thomas J. Grizzard of the Virginia Polytechnic Institute and State University, and the Occoquan 
Watershed Monitoring Laboratory, for his helpful comments and valuable suggestions during the preparation of this study. Dr. Andrew 
Evans, formerly of Virginia Tech and currently teaching at Clemson University, contributed several useful ideas along the way. The 
advice given by Dr. Joseph E. Matherly of the U.S. Army Construction Engineering and Research Laboratory is highly appreciated, 
and many thanks also go to Walter S. Medding for his timely review and pertinent comments.

Page 2 of 2Title Page

2/1/2017file:///I:/FCE-Backup/Documents/FCE-2015-12/My%20Web%20Pages/FR/Water-Conserva...



TABLE OF CONTENTS

LIST OF TABLES AND FIGURES

SECTION 1 PURPOSE OF STUDY

SECTION 2 DISTRIBUTION OF WATER USAGE

2.1
2.2
2.3
2.4
2.4.1
2.4.2

Introduction
Typical Army Installation
Water Use Characterization
Water Use at Selected Installations
Fort Bragg, North Carolina
Fort Bliss, Texas

SECTION 3 WATER DEMAND FORECASTING PROCEDURES

3.1
3.2
3.3

Introduction
Current Planning and Design Methods
Water Demand Forecasting Model

SECTION 4 RESIDENTIAL CONSERVATION TECHNIQUES

4.1
4.2
4.3
4.3.1
4.3.2
4.4

Introduction
Residential Water Usage
Methods of Conserving Water in Residences
Water Saving Devices and Equipment
Device Evaluation and Selection
Water Conservation in Other Buildings

SECTION 5 IRRIGATION MANAGEMENT

5.1
5.2
5.3
5.3.1
5.3.2
5.3.3
5.3.4
5.4

Introduction
Land Use Requirements
Examination of Irrigation Practices
Watering Methods
Equipment Operation and Maintenance
Contract Specifications
Drought Contingency Plans
Irrigation Techniques That Conserve Water

SECTION 6 LEAK DETECTION IN WATER DISTRIBUTION SYSTEMS

6.1
6.2
6.3
6.3.1
6.3.2
6.3.3
6.4

Introduction
Source and Quantity of Leakage
Leak Detection Program
Phase 1-Visual Inspection
Phase 2-Water Audit
Phase 3-Leak Detection Survey
Economic Analysis

SECTION 7 WASTEWATER RECYCLING AND REUSE

7.1
7.1.1

Centralized Vehicle Washracks
Existing Vehicle Wash Platforms

Page 1 of 2Table of Contents

2/1/2017file:///I:/FCE-Backup/Documents/FCE-2015-12/My%20Web%20Pages/FR/Water-Conserva...



7.1.2
7.2
7.2.1
7.2.2

Proposed Centralized Wash Facility
Army Field Laundries
Testing and Evaluation of FLWRS
Health Implications of Recycling

SECTION 8 EMERGENCY WATER SUPPLY PLANNING

8.1
8.2
8.2.1
8.2.2
8.2.3
8.3
8.3.1
8.3.2
8.3.3
8.4
8.5

Introduction
Types of Disasters
Natural Disasters
Accidental Disasters
Deliberate Acts
Vulnerability of System Components
Plans and Drawings
Number and Reliability of Units
Vulnerability Analysis
Estimating Water Requirements
Development of An Emergency Plan

SECTION 9 WATER CONSERVATION PROGRAMS--CONCLUSIONS

APPENDIX REFERENCES AND LITERATURE CITED

Page 2 of 2Table of Contents

2/1/2017file:///I:/FCE-Backup/Documents/FCE-2015-12/My%20Web%20Pages/FR/Water-Conserva...



LIST OF TABLES

Table Title

2-1 Typical Activities at U.S. Army Installations

4-1 Residential Water Use

5-1 Irrigation Techniques That Conserve Water

7-1 Characteristics of Laundry Wastewater

7-2 Chemical Compounds Causing Dermal Sensitization

9-1 Water Conservation Programs and Mission Orientation

9-2 Water Conservation Programs and Average Daily Water Use

9-3 Conservation Measures Being Implemented

LIST OF FIGURES

Figure Title

2-1 Change in Army Water Use, 1975-1981

2-2 Water Use Distribution, Fort Bragg, North Carolina

2-3 Water Use Distribution, Fort Bliss, Texas

`

Page 1 of 1List of Tables and Figures

2/1/2017file:///I:/FCE-Backup/Documents/FCE-2015-12/My%20Web%20Pages/FR/Water-Conserva...



Figure 2-1 Change in Army Water Use, 1975--1981

Adapted from Bandy and Scholze (1983).
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Figure 2-2 Water Use Distribution--Fort Bragg, North Carolina

Adapted from Bandy and Scholze (1983)
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Figure 2-3 Water Use Distribution--Fort Bliss, Texas

Adapted from Bandy and Scholze (1983).
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Table 2-1  Typical Activities at U.S. Army Installations

Administrative/Institutional

• Hospitals
• Radar Installations
• Communications Facilities
• Military Training and Instruction 

Facilities
• Command-level Headquarters
• Shipping and Receiving
• Unclassified Office Space

Housing

• Family Housing
• Barracks
• Bachelor Officer Quarters
• Visiting Officer Quarters
• Mess Halls

Commercial

• Post Exchange
• Commissary
• Gas Stations
• Laundromats
• Restaurant/Cafeterias
• Post Office
• Bank/Credit Union

Water/Wastewater

• Treatment Plant ControlBuildings
• Process Water Makeup

Industrial

• Vehicle Washracks
• Aircraft Maintenance
• Metal Plating and Finishing
• Boiler Plants
• Metal Cleaning Facilities
• Paint Booths
• Laboratories
• Cooling Towers
• Engine Test Cells
• Flight Simulators
• Laundries
• Dynamometers
• Photographic Laboratories
• Motor Pools
• Wet Scrubbers
• Ash Handling Facilities

Recreational

• Swimming Pools
• Bowling Alleys
• Theaters
• Libraries
• Gymnasium

Irrigation

• Parade Grounds
• Athletic Fields
• Golf Courses
• Cemeteries
• Lawns
• Parks

Adapted from Bandy and Scholze (1983).
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Table 4-1  Residential Water Use

Water Use Typical 
Usage
(gpcd)

1. Family Housing

1.1  Toilets
1.2  Bathing and Personal
1.3  Laundry and Dish Washing
1.4  Drinking and Cooking

20
30
15

5

Subtotal for 1 (Note 1) 70

2.   Commercial/Industrial 80

Total Allowance for 1+2 150

3.  Warm Weather Additions

3.1.    Family Housing
3.1.1  Watering Lawns
3.1.2  Car Washing

15-70
5-10

3.2  Swimming Pools 5-10

3.3  Irrigation
       Turf Maintenance and 
Landscaping 20-85

Total Allowance for 3 45-185

Note 1. For bachelor quarters this should be reduced to 50 gpcd. See paragraph 3.2.

Adapted from Scholze, et al., Volume I (1983)
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Table 5-1  Irrigation Techniques that Conserve Water

Technique/Device Advantages Disadvantages

Automatic Controllers 1. Eliminates labor required for 
manual
    watering.
2. Requires only routine 
system
    maintenance and scheduling 
changes.

1. Periodic adjustments 
necessary.
2. High initial cost.

Moisture Sensing 
Devices

1. Actual turf water 
requirements can be
    determined.
2. Prevents over-watering and 
leaching of
    nutrients.

1. Some maintenance required.
2. Moderately expensive.

Drip Irrigation 1. Provides maximum use of 
available
    water supplies.
2. Low labor and operational 
requirements.
3. Chemical fertilizer can be 
easily added
     to irrigation water.
4. No wind effects and lower 
evapotranspir-
     ation losses.
5. Can use greywater or saline 
water.
6. Less wetting improves 
health of plants.

1. Emitter nozzles may clog.
2. Salt may accumulate in soil.
3. High installation costs.

Reclaimed Wastewater 
for Irrigation Supplies

1. Maximum use of available 
water
    supplies.
2. Nutrients in wastewater 
supplement
     fertilizer requirements.

1. May cause clogging.
2. Requires continuous 
monitoring.
3. Potential groundwater 
contamination.
4. Aerosols may be a problem.
5. May result in toxic 
accumulation of
    metals, salts, or nutrients.
6. May require additional costs 
for piping,
     treatment, chemicals, and 
soil amend-
     ments.
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Native Vegitation--
Drought Resistent 
Plants

1. Requires little or no 
irrigation.
2. Little or no maintenance 
required.

1. Exotic plants generally 
preferred.
2. Narrow selection in 
nurseries.
3. May be difficult to establish.
4. Maintenance requirements 
not well
     known.
5. Costs somewhat higher.

Night Watering 1. Reduced wind drift and 
evaporation.

1. Increased labor 
requirements if manual
    watering.
2. May increase diseases in 
plants.

Education 1. Induces voluntary water 
conservation.
2. Changes wasteful consumer 
habits and
     may achieve lasting results.
3. Insures greater success in 
promoting
    other water-saving practices.

1. Effective program requires 
coordinated
    effort.

Adapted from Scholze, et al., Volume II (1983)
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Table 7-1   Characteristics of Laundry Wastewater
Military Field Units

Parameter (mg/l except as noted) Average Maximum Commercial Range

Tuurbidity (JTU) (Note 1) 1362.7 3800.0 -

pH units 7.4 7.4 9.3-10.3

Total Dissolved Solids 500.0 800.0 -

Suspended Solids - - 210-540

Total Solids - - 800-2100

Volatile Solids - - <1500

Detergent 2.8 6.5

Total Phosphate 75.7 128.0

Orthophosphate - 122.0

Polyphosphate - 6.0

Sulfate 81.0 175.0

Silicate 94.0 150.0

Totral Hardness (Note 2) 30.0 34.0

Calcium Hardness (Note 2) 22.7 32.0

Magnesium Hardness (Note 2) 7.3 12.0

Total Alkalinity (Note 2) 227.0 286.0 <511

Chloride 130.0 -

BOD, 5-day 339.0 - 370-635

TOC 100.2 258.0

Oil and Grease - - 170-550

Note 1.  Jackson Turbidity Units
Note 2.  Reported as calcium carbonate

Adapted from Bandy, et al., (1986).
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Table 7-2  Chemical Compounds Causing Dermal Sensitization

Compound Use

Nickel
Alloys such as stainless steel, alkaline storage batteries, 
magnets

Protease Meat tenderizers, some detergents

Parabens Antimicrobial in food and drugs

Lanolin Ointments, soaps, sun lotions

Propylene glycol Antifreeze, solvents, hydraulic fluids, sun lotions, brake and de-
icing
fluids, and bacteriocides

Triethanolamine Dry cleaning, soaps, detergents ,water repellent, softening 
agent

Sorbic acid Fungicide, food preservative

Hexachlorophene Germicidal soap, veterinary medicine

Adapted from Bandy, et al., (1986).
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Table 9-1
Water Conservation Programs and Mission Orientation

Mission Orientation
or MACOM

Installations with No 
Program

Installations Implementing
a Program in Last 5 Years

Totals

No. % No. % No. %

FORSCOM 13 23.6 7 23.3 20 23.5

TRADOC 8 14.5 9 30.0 17 20.0

AMC 25 45.5 8 26.7 33 38.8

All Others 9 16.4 6 20.0 15 17.7

Totals 55 100.0 30 100.0 85 100.0

Adapted from Langowski, et al., (1985).
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Table 9-2
Water Conservation Programs and Average Daily Water Use

Average Daily Water 
Use

(gal/day)

Installations with No 
Program

Installations Implementing
a Program in Last 5 Years

Totals

No. % No. % No. %

Above Average 12 23.1 16 53.3 28 34.1

Below Average 40 76.9 14 46.7 54 65.9

Totals 52 100.0 30 100.0 82 100.0

Note: Three (3) installations did not respond.

Adapted from Langowski, et al., (1985).
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Table 9-3   Conservation Measures Being Implemented

Type of Measure Application Number Installations
Where Applied
in Last 5 Years

No. %

Restrictions and Bans Family Housing Lawn Irrigation
Golf Course Irrigation
Car Washing
Tactical Vehicle Washing

15
12
9
8

18.7
15.0
11.2
10.0

Technology Shower Flow Restrictors
Reuse/Recycle Systems
Faucet Flow Restrictors
Low-Flush Toilets

11
8
3
2

13.8
10.0
3.8
2.5

Institutional Leak Detection Studies
Water Conservation Regulations
Boiler/Heater Inspections
Centralized Vehicle Wash Facilities
Desert Landscapping

3
2
2
1
1

3.8
2.5
2.5
1.2
1.2

Educational Requesting Voluntary Conservation 3 3.8

Totals 80 100.0

Note: Five (5) installations did not respond.

Adapted from Langowski, et al., (1985).
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SECTION 1
PURPOSE OF STUDY

According to a study conducted by Schwartz (1979) at the National Defense Institute, 93 percent of U.S. Army 
installations are located in hydrologic areas which have serious problems related to insufficient quantity and 
decreasing quality of water (18). For many years it was thought in the military, as well as the civilian sector, that 
increased water demand could be met by increasing the potable water supply. However, in recent years 
drought conditions in some parts of the U.S. have resulted in severe water shortages, and raised concerns that 
the national defense could be jeopardized during a major crisis involving mobilization of the Armed Forces. In 
view of the fact that a potable water supply is indispensable for present and expanded or mobilized Army fixed 
facilities, the Department of the Army has recognized an urgent need to explore various alternatives for 
controlling and managing this critical resource. The purpose of this study is to examine current and historical 
water use patterns at U.S. Army installations in order to (a) identify major catagories of water use, (b) determine 
what proportion of water consumed at a typical Army fixed installation goes to each major category of use, (c) 
determine how these proportions change with respect to time, location, and command mission, (d) examine the 
implications of current usage patterns on mobilization planning, (e) determine if and to what extent usage 
patterns should be modified to include water conservation techniques, (f) compile information on methods of 
saving water and identify proven water conservation techniques suitable for Army use, (g) establish 
requirements for emergency water supply planning, and (h) examine the effects of current water conservation 
programs. The study is based principally on research done by personnel at the U.S. Army Construction 
Engineering Research Laboratory (CERL) from 1975 to 1986, and relies heavily upon various technical reports 
generated from that effort.
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SECTION 2
DISTRIBUTION OF WATER USAGE

2.1   Introduction

In 1983 it was estimated that the U.S. Army was using 130 billion gallons of water annually, and spending 130 
million dollars for operation and maintenance of its water and wastewater utilities (2). Prior to this time, very 
little was known about how the Army actually used its potable water supply. Only a small fraction of the total 
quantity of water consumed at fixed Army installations was metered. Insufficient data existed to allow 
characterization of water usage at a particular installation, or to determine what proportion of the total water 
consumed could be attributed to a particular activity or function.

Historically, a consumption of 150 gallons of water per capita per day (gpcd) has been used in designing for 
peacetime installations, and in most cases has proved to be adequate (21). However, extrapolation of this 
quantity to meet the needs of an installation undergoing military mobilization is questionable. It has become 
increasingly apparent that mobilization water demand should be based on an installation's mobilization mission, 
and the known water requirements of projected activities. In considering the enormous expense and critical 
nature of providing an adequate potable water supply for present and expanded or mobilized Army fixed 
facilities, the Department of the Army has recognized that viable alternatives for controlling and managing this 
critical resource should be developed. In 1982 the Construction Engineering Research Laboratory (CERL) was 
assigned the task of conducting a study of water use patterns at U.S. Army installations (2). It was felt that a 
detailed knowledge of installation water usage was necessary in order to identify opportunities for water 
conservation, and to provide a reliable basis for developing a set of water demand forecasting procedures to be 
used in mobilization planning.

2.2  Typical Army Installation

There are in excess of 100 fixed Army installations located throughout the contiguous United States (11). Each 
one is similar to a small town or city ranging in population from 100 to 70,000 people, and containing a 
proportionately large residential community, in addition to industrial, commercial, educational and recreational 
facilities. However, the typical Army installation is unique in several ways. First, populations tend to fluctuate 
widely over a 24-hour period due to large numbers of civilian employees who work on post during the daytime, 
but leave at night. Secondly, large population shifts usually occur during certain parts of the year as a result of 
military maneuvers or training exercises. And third, a major population increase or decrease may occur if the 
command or mission assignment of the installation is changed, resulting in the relocation of a military function. 
Also, installation water consumers (excluding resident Army personnel) pay a fixed fee for an unlimited supply 
of water, which means there is little or no metering of individual buildings or activities. Table 2-1 lists typical 
activities found on Army installations.

It is estimated that residential family housing and irrigation are the major users of water, representing 25 
percent and 36 percent respectively of the total installation water consumption. For some installations located in 
arid regions, irrigation is performed all year round, and may exceed 50 percent of total consumption during the 
dry season (2). Residential water usage is derived from bathing and toilet use, clothes and dishwashing, 
cooking, watering of lawns, car washing, and in some cases gardening. Irrigation consists of lawn and turf 
maintenance for a variety of facilities including family housing, commercial and administrative buildings, 
recreational fields and parks, golf courses, cemeteries and parade grounds, as well as landscaping 
requirements. Other large water users include laundries, boiler plants, hospitals, troop housing and food service 
facilities. Industrial operations vary among installations, but heavy users in this area are vehicle washracks and 
cooling towers. Swimming pools also consume large volumes of water, especially in warm arid regions with 
high evaporation rates. A typical Army installation may purchase all or part of its water supply from a private or 
public water utility if providing on-post water treatment facilities is not economically or technically feasible, or if 
local surface or groundwater supplies are inadequate.

Although total Army water use has fallen slightly since 1975, total cost has risen nearly 80 percent due to 
increased unit costs (2). Figure 2-1 shows Army water use from 1975 to 1981, and is based on information 
derived from the Facilities Engineering Annual Summary of Operations (7). This publication, also known as the 
Redbook, is a compilation of reported costs and operating data established for major Army activities.

2.3  Water Use Characterization
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The primary reason for characterizing water usage is to develop baseline data which can be used by Army 
planners, managers, and decision-makers who must allocate dollar resources for utility construction, and form 
contingency plans for drought, mobilization and other major emergencies. Also, many installation personnel 
responsible for operating post water supply systems have no idea how much water is consumed by 
nongovernment tenants, used for irrigation, or lost through leakage in the distribution system. Utility billing for 
on-post commercial activities is very often made by estimating water usage rates. This generally results in 
lower utility revenues being paid for water supplied to non-government users.

CERL researchers surveyed a host of installations located throughout the continental U.S. in an effort to obtain 
comprehensive and useful information for the characterization study (2). Installations of all sizes and 
representing a wide spectrum of water using activities under a variety of operating conditions were examined. 
In order to properly investigate irrigation parameters, installations from arid regions in the West were compared 
with facilities located in more humid climates along the East coast.

Although a limited number of water meters had been installed at several installations during prior water 
conservation research, most installations had no extensive, long-term metering programs in place. The 
metering information which did exist was utilized to develop water usage rates for specific types of buildings 
and activities, and was then extrapolated to cover the entire installation. One major conclusion drawn from the 
CERL study was that metering of water supplied to individual buildings, along with the implementation of a leak 
detection program, would greatly reduce errors in utility billing, and enhance any future attempts at water use 
characterization.

Each Army installation belongs to a Major Command (MACOM) and is identified by a MACOM designation 
related to its primary military mission or function. Of the nine current Major Commands, the following three have 
the largest number of installations under their jurisdiction: (a) Forces Command (FORSCOM) which maintains 
Army administrative and tactical units in a state of operational readiness, (b) Training and Doctrine Command 
(TRADOC) which manages individual soldier training and operates Army service schools, and (c) Army Material 
Command (AMC) which is responsible for the Army's logistics system and provides equipment and material 
support (11).

The three MACOMs described above collectively account for over 90 percent of the total water consumed by 
the Army. A typical FORSCOM installation has an average daily water demand of 2.94 million gallons per day 
(mgd), a typical TRADOC facility averages 2.45 mgd, and AMC installations use an average of 1.02 mgd of 
water. The remaining MACOM installations average 0.92 mgd, and account for less than 10 percent of total 
Army water use. The average daily water demand among all installations in the study is 1.80 mgd (11). A 
statistical analysis was performed to determine water use patterns, profiles and relationships which could 
explain the variations in installation water usage. It was observed that FORSCOM and TRADOC installations, 
while being above average water users, are predominately supplied by multiple sources of water, have above 
average total building floor space, and generally support larger populations. Conversely, AMC and the 
remaining installations are below average water users, have single source water supplies, smaller total building 
floor areas and populations. It was also noted that most installations having above average water demand 
generated lower unit operating costs (2).

2.4  Water Use At Selected Installations

The following installations are representative of the two largest Major Commands, and contrast water usage 
patterns from two very different geographic and climatological settings.

2.4.1  Fort Bragg, North Carolina

Fort Bragg is a FORSCOM facility and is one of the Army's largest fixed installations, being very similar to a 
mid-sized city in population and land mass. It is located in the Eastern part of the state, where the summers are 
long, hot and humid, and the winters are relatively mild. Average annual rainfall is around 48 inches. An on-post 
water treatment plant with a design capacity of 10 mgd provided an average of 6.33 mgd of potable water in 
1981, and 6.83 mgd in 1982. Monthly average water production ranged from 5.61 to 7.92 mgd during those 2 
years. Water use characterization at Fort Bragg was made difficult by a lack of installed water meters, and a 
general ignorance on the part of installation personnel concerning basic water consumption (2). The post 
supports a huge daily population (just under 70,000) generated by the many motor pools, maintenance shops, 
training and educational facilities, commercial and administrative buildings, and Womack Army Medical Center, 
a major military hospital complex with numerous medical and dental clinics. Very little information on family 
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housing was available at Fort Bragg. Housing water consumption was extrapolated from an engineering study 
made in 1971. Nonfamily housing and food service facilities were found to be the major water users on post (2). 
Commercial, office, educational, and industrial water consumption totals were estimated by extrapolating from 
the limited data collected at metered facilities. Estimates were also made for shopping centers, laundries, and 
tactical vehicle washrack and maintenance facilities. Irrigation, including maintenance of the large number of 
outdoor swimming pools, constituted the major warm weather water uses. No data was available for Womack 
Army Medical Center, which meant that it appeared in the "unaccounted for" category. Water demand at Fort 
Bragg does not fluctuate widely throughout the year, as is characteristic of some installations located in the 
West (2). This is due in part to much lower irrigation demands. Figure 2-2 shows yearly average water use 
distribution based on a total annual consumption of 2.4 Bgal.

2.4.2  Fort Bliss, Texas

Fort Bliss is a TRADOC facility and is located in an arid portion of the country which receives an average 
annual rainfall of less than 10 inches. In this region, ground water is being removed faster than it is being 
naturally replaced, resulting in an overall drop in ground water tables (2). Fort Bliss, in addition to the nearby 
city of El Paso, must periodically lower its well pumps in order to maintain an adequate supply of water. Some 
cities are even importing water from other jurisdictions. Conditions have reached such a critical stage, that 
some localities have legislated manditory water conservation techniques such as low-flush toilets and low-flow 
fixtures, desert landscaping with restricted irrigation, and ground water recharge systems using effluent from 
wastewater treatment plants. In spite of these concerns, there has been very little water use characterization 
work done at Fort Bliss. It has been assumed that most of the water supply is used for irrigation and family 
housing. Some restrictions on irrigation are currently in effect, with citations being issued to those caught 
wasting water. Over the past several years, water use at Fort Bliss has been on the decline. Roughly 30 
percent of the post water supply is purchased from the City of El Paso, and this part of the installation is 
metered extensively (2). Otherwise, very little information on installation water usage is available. Many of the 
water meters installed by CERL personnel during previous studies, either have not been consistently read and 
recorded, or have been improperly maintained, thus producing unreliable or false data. As a result, water use 
characterization at Fort Bliss required a great many assumptions and estimations to compliment available 
historical records. Water use at Fort Bliss varies considerably, with monthly maximum to minimum ratios as 
high as 3 to 1 (2). As expected, peak usage occurs from April to September with irrigation, swimming pools, 
and cooling towers the major consumers. Industrial activities and vehicle washing are minimal water users, 
except for boiler plants in the winter. Figure 2-3 shows average water use distribution in 1982 based on a total 
consumption of 2.3 Bgal.
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SECTION 3
WATER DEMAND FORECASTING PROCEDURES

3.1  Introduction

Planning for future water requirements at U.S. Army installations has received increased attention in recent 
years. A national concern over the dwindling supply of natural water resources, coupled with ever increasing 
costs of producing a potable water supply, have prompted the Army to investigate various water supply 
alternatives in addition to a variety of water conservation techniques. Concern over the Army's ability to 
maintain an adequate water supply during mobilization of the Armed Forces has resulted in the commission of 
several studies on this subject, one of which was a recent water demand forecasting survey completed by 
CERL (1985).

3.2  Current Planning and Design Methods

A major objective of the water demand forecasting survey conducted by CERL was to perform a detailed 
analysis of current planning and design methods used in developing installation water supplies. The Army 
wanted to know if the rationale used in design adequately addressed mobilization water requirements, and if 
water systems designed using current procedures could support a major mobilization event (11). CERL 
researchers also examined Army policy regarding the modification and expansion of existing peacetime water 
supply systems to accommodate a full scale military mobilization.

Department of the Army Technical Manuals (21)(22)(23) summarize methodology and criteria used by design 
engineers in computing capacity requirements for water supply, treatment, storage, and distribution facilities. In 
reviewing this criteria, attention was directed to the use of capacity factors in calculating design populations. As 
described in TM 5-813-1, the design population is obtained by multiplying the effective population by a capacity 
factor. Effective population is based on the actual number of resident military and nonresident civilian personnel 
located in the service area. Once the design population has been determined, it is multiplied by an average per 
capita water allowance of 150 gallons per day. The resulting quantity is termed average daily domestic 
demand, and when added to industrial, irrigation, and other special demands, equals the total or required daily 
demand which must be met by the installation water supply (21).

Distribution piping is sized to accommodate the larger of (a) 2.5 times the average daily domestic demand, or 
(b) the fire demand plus 50 percent of the average daily domestic demand. Fire demand is based on 
requirements set by the National Fire Protection Association (Standards 13 and 24) as modified, in some 
instances, by the Department of the Army. Storage of water within the distribution system normally varies from 
15 to 50 percent of the required daily demand, and depends primarily upon the size of the installation, daily 
fluctuations in water consumption, and magnitude of the Post fire demand (22).

The capacity factor is defined in TM 5-813-1 as a means of providing for (a) reasonable increases in population, 
(b) unusual variations in water demand, and (c) uncertainties as to actual requirements in the design of water 
supply systems (21). Accepted engineering practice allows the designer to provide excess capacity based on 
projected population growth during the service life of the facility. In the civilian sector, design population is 
usually derived from arithmetic, geometric, or logarithmic growth curves which are based on historical data. 
However, this is valid only if past trends continue, and is certainly not applicable to military installations, which 
are subject to the uncertainties of political and military decision making. Therefore, continuous growth models 
do not apply here. Military mobilization is a sudden interruption of normal events, in which the mission 
assignment of an installation may change dramatically. A mobilized installation may be required to absorb 
tremendous population increases over a relatively short period of time as military units and related civilian 
support personnel are called to active duty and assigned for combat training and indoctrination. Another 
consideration is the current Army practice of using the same set of capacity factors for designing both water 
supply and wastewater treatment facilities. Greeley and Chase postulated that the Army capacity factor was 
originally developed for sanitary sewers and then extended to water supply design (10). Evidence of this may 
be found in the close correlation between current water supply capacity factors and the Gifft Equation, which 
relates maximum to average sewage flows as a function of the population served by the sewerage system (9). 
The Army's experience in World War II had suggested that per capita water usage was inversely related to 
troop concentration, and that this variation could reasonably be taken into account with a capacity factor. 
However, it had not been demonstrated conclusively that the capacity factors for water supply should be the 
same as those used in wastewater treatment. In view of the above questions, CERL researchers concluded 
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that the present use of capacity factors may not adequately reflect the potential magnitude of mobilization water 
demands (11). In order to develop a suitable set of capacity factors for mobilization water planning, present per 
capita water consumption rates had to be accurately determined.

CERL researchers performed a statistical analysis on data relating annual water production to population 
served, and representing a large number of installations from 1968 to 1980 (11). This information was obtained 
from Army procurement records published in the Redbook (7). The analysis showed an average Army-wide per 
capita water demand of 136.93 gpd with a standard mean error of 10.30 gpd, resulting in a demand of 147.23 
gpd or approximately 150, the current gpcd allowance for water supply. Historical data indicated the World War 
I average per capita sewage flow at mobilized Army facilities to be 55 gpd, and for World War II to range from 
97.5 to 115.0 gpd (10). The latter values are in line with the current per capita sewage flow allowance of 100 
gpd used in design of Army domestic wastewater systems. This translates into a per capita water allowance of 
approximately 150 gpd if the traditional 70 percent sewage flow to water demand ratio is observed. Thus, World 
War II and present day water demand allowances of 150 gpcd correlate well, and would seem to represent very 
similar mobilization conditions.

The remaining question of capacity factor was addressed in a subsequent step, in which CERL researchers 
performed a regression analysis on annual water consumption data (11). There it was shown that capacity 
factors approximately 15 percent higher than present values would more accurately reflect future mobilization 
water demand.

The preceding analysis is, of course, dependent upon the initial acceptance of effective population as a valid 
basis for design. One recent CERL researcher has challenged the current methodology used in assigning 
weighting factors to residents and nonresidents for determining effective populations (11). He argues that the 
proportional weighting scheme used for the ratio of residents to bachelor soldiers to civilian nonresidents should 
be 9:3:1instead of the current 3:3:1. This is based on metering studies performed in 1982 at Fort Carson, CO, 
which indicated that civilian nonresidents on the average consumed only one ninth of the water alloted to 
residents, instead of the one third currently assumed. A previous study at Fort Carson in 1977 showed that 
bachelor soldiers living in high density troop housing units consumed an average of 29 to 77 gpcd. Current 
design allows all residents, including bachelor soldiers, a per capita water usage rate of 150 gpd (21). This 
researcher also found discrepancies in the way average annual effective populations are computed for each 
installation in the Redbook. In comparing water use data derived from a 1979 Fort Chaffee (AR) study, it was 
found that the average per capita water demand varied from 119 gpd to 631 gpd as computed from effective 
populations found in the Redbook. However, observed values ranged from 56 gpcd to 2,307 gpcd, principally 
because they were based on actual troop concentrations

3.3  Water Demand Forecasting Model

As part of the water demand forecasting survey conducted by CERL, an alternative methodology was 
developed for estimating average daily water demand at U.S. Army installations (11). This new technique was 
found to substantially improve the Army's ability to forecast peacetime water requirements over current 
methods.

CERL researchers analyzed the gross square footage of all buildings located within the study area, and then 
correlated water service data with building floor space using statistical methods. A linear additive model was 
derived based on a set of independent variables related to building category, land use, and the atmospheric 
moisture balance. Twelve categories of buildings were selected in order to fully represent the various types of 
water using activities found on a typical Army installation. The categories included family housing, bachelor 
quarters, training centers, community service facilities, administrative and medical buildings, hospitals, 
operations command centers, research and testing laboratories, storage warehouses, maintenance and 
production shops, and utility plants. Upon further analysis, all statistically similar building categories were 
identified, and combined to form the following three distinct water service sectors: (a) community service and 
support sector, (b) military activities sector, and (c) research and post utility support sector. These were then 
designated as new independent variables to be used in the revised linear additive model shown below (11):

Q = 0.339X + 0.079Y + 0.754Z

• where,
• Q = estimated average daily water demand in 1,000 gallons,
• X = community service and support sector in 1,000 square feet,
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• Y = military activity sector in 1000 square feet, and
• Z = research and post utility support sector in 1,000 square feet.

Sector X includes family housing, bachelor quarters, training centers, community service facilities, and 
administrative and medical buildings; sector Y includes operations command centers, maintenance and 
production shops, and storage warehouses; and sector Z includes research and testing laboratories, and utility 
plants. The water use model was tested with actual data obtained from a number of installations, and then 
subjected to regression analysis to refine the coefficients.

Atmospheric moisture relationships were developed primarily for irrigated land, and include factors for average 
annual precipitation, evaporation and transpiration. However, because summer water use data apparently could 
not be made available to researchers during the survey, irrigation and atmospheric moisture considerations 
were omitted from the model. Also, no adjustments were made for water lost through leakage in the distribution 
system, or water sold to commercial customers located off the installation.

Conceptually, the model accounts for all areas on a given installation where water is distributed or consumed, 
and provides a means of relating average daily water demand to total building floor space. Most installations 
are required by Army regulation to keep current and accurate inventories of total building square footage, and 
to publish these records annually in the Redbook. Even though the model fails to account for increased summer 
water usage due to irrigation demands, water lost through pipe leakage, and water sold to off-post customers, it 
is still able to predict average daily water demand with 50 percent less error than current methods. Thus, it can 
be assumed that building type and floor space are better indicators of water demand than population estimates. 
With proper modifications made to incorporate these additional parameters, the linear additive model should 
become a valuable tool for Army planners and facilities engineering personnel responsible for accurately 
predicting future water supply requirements at military installations.
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SECTION 4
RESIDENTIAL CONSERVATION TECHNIQUES

4.1  Introduction

Water conservation has received a great deal of interest in recent years, from both the military and civilian 
sectors, as population growth has spurred increased water demands, inflation and more stringent water quality 
standards have raised treatment costs, and budgetary restraints have placed severe limitations on utility 
upgrading and expansion. Even more alarming is the rate at which surface and ground water supplies are being 
depleted, and fresh water systems degraded by an ever-increasing variety of pollutants. 

Some of the benefits derived from water conservation include: (a) energy savings from lower pumping and 
processing requirements, (b) reduced loadings on water and wastewater treatment plants, (c) smaller demand 
for new surface and groundwater supplies, (d) less severe shortages during droughts or other emergencies, 
and (e) economic savings to water service customers. The primary goal of water conservation is to realize the 
greatest possible use from existing supplies (16).

In order to provide facility engineers with the information necessary to evaluate and select the most appropriate 
water saving alternatives, CERL (1981) was asked to study and report on current water conservation 
technology. Methods of reducing water consumption in residential and commercial buildings were reviewed, in 
addition to Army irrigation practices. Management of irrigation is discussed fully in Section 5. The technology 
presented in this section is applicable for use at Army installations worldwide, and under both peacetime and 
mobilization conditions.

4.2  Residential Water Usage

As indicated in Section 2, residential water demand is generated by family housing and bachelor quarters for 
both enlisted and officer personnel. These collectively account for 30 to 50 percent of the water consumed on a 
typical installation (2). Reduction of these demands would substantially lower the Army's overall water 
requirements. Average residential water usage is shown in Table 4-1. Bathing and flushing of toilets take the 
most water in an average household, while watering of lawns constitutes the major warm weather use. 
Variations in usage during warm weather depend primarily upon climate, with installations located in the arid 
Southwest requiring much larger quantities of water for lawn and turf irrigation practices (16).

4.3  Methods For Conserving Water In Residences

Leakage of water in residences can account for 5 to 10 percent of total residential water use. One household 
plumbing fixture leaking at 80 drips per minute wastes up to 2500 gallons of water per year (16). Visible leaks, 
such as a dripping faucet, can be easily corrected by plumbing maintenance personnel. Water meters are 
useful for detecting hidden leaks which occur under buildings, behind walls, or within a pipe chase. These 
generally are more expensive and require more time to repair. Unfortunately, few water meters have been 
installed in Army residential housing units.

Water pressure at low points in a distribution system may exceed 80 pounds per square inch under normal 
operating conditions. In such areas, pressure reducing valves are required by TM 5-813-4, and by most local 
plumbing codes (22). Lowering the pressure conserves water by reducing leakage in household fixtures, and in 
underground distribution mains.

The largest potential for saving water lies in the installation of devices such as those presented in the following 
paragraph.

4.3.1  Water Saving Devices and Equipment

The devices most commonly used to reduce water consumption in households are (a) inserts and mechanical 
modifications to conventional toilets, (b) low-flush toilets, (c) dual-cycle toilets, (d) toilets with special systems, 
(e) low-flow shower heads and restrictors, (f) mixing valves, (g) faucet aerators, (h) water hose attachments, 
and (i) water saving appliances (16).

(a) Inserts and Mechanical Modifications to Conventional Toilets. Conventional toilets are composed of four 
basic types: two-piece with detached tank, two-piece with close-coupled tank, one-piece with tank, and one-
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piece tankless type. The two-piece toilet is an older design, and the close-coupled model is the one most often 
used in residences. It requires from 5 to 8 gallons of water per flush. One-piece toilets were introduced more 
recently for aesthetic reasons and to save space. The one-piece tankless version utilizes a flush valve, but 
requires higher pressures than are normally found in residential water lines.

Conventional toilets frequently leak, and require maintenance in the form of parts replacement or adjustment. 
Silent leaks, which overflow into the toilet bowl, can waste hundreds of gallons of water per day. Parts that 
require periodic replacement are flush balls, floats and ball-cock assemblies.

One simple way to reduce water usage in conventional toilets is to displace tank volume by inserting such 
objects as plastic bottles or bags. These must be placed so as not to interfere with the flushing mechanism. A 
more effective device for tank use is a toilet dam, which is manufactured specifically for this purpose. Its 
advantage is that no hydraulic head is lost, and flushing efficiency is retained. Other devices include weights 
that attach to the flush valve, brackets which lower the float, and flush valve risers.

(b) Low-flush Toilets. A new type of toilet offered by several companies features a tank which uses only 3 to 3.5 
gallons of water per flush, instead of the 5 to 8 gallons required by conventional toilets. Some of these use an 
air assisted flushing mechanism to increase efficiency.

(c) Dual-cycle Toilets. The dual-cycle toilet has separate cycles for liquid and solid wastes. The solid waste 
cycle uses 2.5 gallons of water per flush, and the liquid waste cycle uses even less. These toilets offer good 
potential for water savings, but high cost and installation problems have hampered their acceptance.

(d) Toilets with Special Systems. Special systems include toilets which do not use water as the transport 
medium. In the oil-vacuum system, wastes are separated from the oil carrier liquid, temporarily stored, and then 
removed for final treatment. The oil is continuously filtered and recycled through the system. Other innovative 
technology includes siphon-jet, vacuum, incinerator and composting toilets. These systems are generally 
restricted to special applications, where the benefits derived far outweigh their high capital and operating costs.

(e) Low-flow Showerheads and Restrictors. Taking a shower instead of a bath is a very effective way of 
reducing water consumption. Filling a bathtub can take more than 50 gallons of water, whereas a 5-minute 
shower with a low-flow showerhead requires only 10 to 15 gallons.

Most of these devices look like conventional showerheads, and are usually adjustable. The aerating type, which 
mixes air with water, has a smaller spray pattern than other models. To avoid weak spray patterns, low-flow 
shower heads should be carefully selected to match the hydraulic pressure available in the system.

Installing a flow restrictor is the cheapest way of reducing shower water use. Generally two types of restrictors 
are available. One consists of a plastic or metal disk which fits between the supply pipe and the shower head. 
The second is similar to a threaded fitting and is screwed into the supply pipe above the showerhead. Both of 
these have fixed openings in which flow varies as the pressure changes. Another more sophisticated device is 
capable of regulating flow by opening as line pressure decreases, and closing as it increases. This unit will 
produce greater water savings, but at a higher cost.

(f) Mixing Valves. The thermostatic mixing valve is a device which maintains a preset water temperature at the 
showerhead. The mechanism corrects for temperature changes in the hot and cold water lines, but only within a 
specified range of pressures. The balanced-pressure mixing valve is more appropriate for shower use. It 
maintains constant water pressure at the showerhead, and thus controls the quantity of water discharged. But 
unlike the thermostatic valve, it does not compensate for fluctuations in water line temperatures.

(g) Faucet Aerators. Faucet aerators inject air into the water through an induction orifice mounted on the end of 
the nozzle. These devices can reduce the water used in faucets by up to 50 percent, and still provide for more 
efficient rinsing, with much less splashing.

(h) Water Hose Attachments. These devices are very similar to the flow restrictors used in showerheads, and 
provide a cheap means of reducing the water used for lawn irrigation and for washing cars.

(i) Water Saving Appliances. Many special features now available on household appliances can reduce 
residential water usage considerably. Most clothes washers now have variable water level controls and a suds-
saving cycle, which can save both hot water and detergent. A typical clothes washer uses 20 gallons of water 
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for the wash, 4 gallons for the rinse, and 20 gallons for a deep rinse. A suds-saving cycle can cut overall water 
use by 20 percent.

Dishwashers use from 12 to 16 gallons of water during a 60-minute wash cycle. Newer models have controls 
that allow the user to adjust the volume of water to match the size of the load.

4.3.2  Device Evaluation and Selection

Each installation has a distinct water use profile, and established policies which govern how water is used. The 
ultimate responsibility for conserving water lies with the installation commander and facility engineer. Even 
though the Army has no official regulations covering water conservation, many installations have adopted some 
type of conservation program (16). These will be discussed in more detail in Section 9.

The methodology used for evaluating and selecting water conservation devices for Army use is not well 
developed. TM 5-660 contains a section on water conservation, and discusses ways to reduce consumption 
(20). Because so many devices for saving water are available, the selection of suitable and effective equipment 
can be rather difficult. In deciding which systems to use, the facility engineer should consider the type and cost 
of equipment, compatibility with existing plumbing, acceptibility to residents, proximity to manufacturer and 
suppliers, installation budgetary restraints, and conservation goals. Many of these devices are available to 
Federal and Military organizations at reduced costs through procurement contracts with the General Services 
Administration (16).

The transition from conventional fixtures to those which conserve water can usually be made without major 
behavioral changes on the part of residents and their dependents. However, in some instances an educational 
program designed to explain the purpose and importance of water conservation may be required. The facility 
engineer should then consider using pamphlets, brochures, posters, fliers, media advertising, or other similar 
techniques to encourage public acceptance.

4.4  Water Conservation In Other Buildings

Many of the devices covered thus far can be used to reduce water consumption in buildings other than 
residences, including offices, hospitals, banks, shops, cafeterias, theaters, gymnasiums, etc. Automatic shutoff 
valves are commonly installed on drinking fountains, wash basins, lavatories and urinals. Some unconventional 
equipment such as special media (biological) toilets, air assisted showers, and chemical toilets, have been 
used on a limited basis. Systems which recycle/reuse wastewater are capable of saving large quantities of 
water. Although public opinion is against direct reuse of treated domestic wastewater for human consumption, 
many installations have found other suitable alternatives. Recent CERL studies performed at several Army 
installations indicate that treated wastewater can be effectively recycled and used for irrigation, industrial 
laundries, tactical vehicle washracks, photographic laboratories, and other similar facilities (16). Recycling and 
reuse of wastewater is discussed more fully in Section 7.
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SECTION 5
IRRIGATION MANAGEMENT

5.1  Introduction

Irrigation for lawn and turf maintenance accounts for a large segment of the more than 130 billion gallons of 
water used annually by the U.S. Army (17). At some installations, irrigation during the summer months can take 
over half of the total water consumed. In addition, large irrigation systems generally require frequent 
maintenance and repairs, thereby consuming major portions of the operating budget. There are several well 
established irrigation techniques which can provide sufficient moisture for lawn and turf maintenance, while 
using much less water than current methods. These will be discussed later in this section.

The primary purpose of irrigation is to provide a soil environment which is conducive to seed germination, root 
system development, seedling emergence, and sustained growth of vegetation. Sufficient water must be made 
available so that plant roots can absorb moisture at a rate commensurate with transpiration losses. Soluble 
salts which accumulate in the root zone can limit the absorption of soil moisture, and retard plant growth. 
Generally, the amount of water required for irrigation is that which is necessary to maintain correct moisture and 
salinity levels. Other considerations include providing proper soil aeration, maintaining favorable ground 
temperatures, and preventing drought injury to young seedlings (17).

In order to design and operate an effective irrigation system, the average and peak annual water requirements 
for various types of vegetation must be known, in addition to variations in installation water usage during the 
growing season. Total irrigation water demand for lawns, turf grasses, groundcovers, plants, shrubs, and trees 
is discussed in TM 5-630 (19).

In an attempt to provide facility engineers with guidance on reducing the volume of water used for irrigation, the 
Army commissioned CERL (1982) to study current irrigation practices, and to develop an irrigation 
management program which could be implemented at U.S. Army installations. Opportunities to conserve water 
were identified through evaluation of installation water-use records, onsite observations, and interviews with 
facility engineering personnel at Fort's Carson, Bliss, and Lewis. Literature surveys were conducted to 
determine which irrigation techniques and equipment would be best suited for Army use.

5.2  Land Use Requirements

Three general classes of land use are defined for Army installations: improved, semi-improved and unimproved 
(17). Improved areas contain residential housing for military personnel, commercial type buildings such as 
offices, credit unions, commissaries, etc., and recreational facilities including athletic fields, golf courses, 
parade grounds and park land. Improved grounds must have regular care and maintenance to keep them 
attractive and well groomed. Residential and commercial type lawns generally recieve light to moderate foot 
traffic. Therefore, maintenance requirements are relatively low in terms of the irrigation, fertilization, and 
mowing required to keep grass green and healthy. In contrast, recreational areas receive much heavier usage, 
and must be planted with a turf that is resistant to wear and abrasion. These areas typically demand a high 
degree of maintenance, and large quantities of water for irrigation.

Semi-improved areas are found at airports, heliports, ordnance depots, antenna fields, fuel tank farms, and 
similar facilities. Groundcover is selected primarily to resist soil erosion, and protect against wind and rain. 
Normally, these areas require little maintenance or irrigation, except during establishment of turf. Occasionally, 
crushed rock or other materials are used in locations where rainfall is extremely low.

Groundcover for unimproved land is chosen strictly for soil stabilization and erosion control. These areas 
seldom require any type of maintenance or care.

Seasonal watering of vegetation for both improved and semi-improved land areas can consume large quantities 
of potable water. Consumption at most installations begins rising in April, and peaks in late summer when plant 
water requirements are highest. Irrigation at some installations in arid regions like the Southwest can cause 
summer water demand to exceed winter consumption by more than 100 percent (17).

Many installations maintain large turfed areas which are not essential to a military mission. Landscaping 
policies can be revised in most cases to reduce the size and number of green, irrigated areas, and to 

Page 1 of 4Water Conservation-Section 5

2/1/2017file:///I:/FCE-Backup/Documents/FCE-2015-12/My%20Web%20Pages/FR/Water-Conserva...



encourage the use of drought-resistant grass and native vegetation. Rock, brick, wood chips, and other 
materials are also considered to be satisfactory landscaping alternatives. Facility engineers need to reevaluate 
the process of selecting vegetation for landscaping at U.S. Army installations.

5.3  Examination of Irrigation Practices

Most problems with existing methods of lawn and turf irrigation arise from the use of improper watering 
techniques. Many resident and facility engineering personnel are unaware of actual grass and turf moisture 
requirements. Water application rates, soil infiltration, and root absorption capacities are not well understood by 
grounds keepers and maintenance workers at most Army installations (17).

Because military installations must accomodate people from a wide variety of climates and geographic regions, 
water is valued differently depending on whether a person is from the Northeast or Southwest. Residents 
accustomed to abundant water supplies and the luxury of lush, green lawns tend to irrigate extensively, even in 
areas with low annual rainfall and periodic water shortages. Compounding the problem is the fact that no user 
fees are imposed for residential water consumption. As a result, metering of water is not required in Army 
housing units. In addition, many installation commanders emphasize green lawns, and thus encourage 
excessive water use in order to beautify the post (17).

Grasses are naturally resistant to drought, and become dormant if adequate water is not available. Foliage may 
turn brown, but growth tissue remains, and can be revived with subsequent watering. Many residents fear that 
brown grass is irreversible, and so they water furiously to avoid a dead lawn. However, excessive irrigation 
actually reduces the drought resistance of turf by causing a shallow root system to develop. Over-watered turf 
is also more susceptible to weed invasion, insects, diseases, and damage from pedestrian foot traffic.

5.3.1  Watering Methods

Many current irrigation procedures are inefficient, and waste large quantities of water because of improper 
watering methods. The following guidelines have been shown to reduce unnecessary water losses, and 
improve the overall efficiency of Army irrigation systems (17).

a. Grass should not be watered until the early wilting stage. Wilting and stress are imminent if walking across 
the lawn leaves footprints in the grass.

b. Green grass generally does not need much water. Isolated parts of a lawn which turn brown should be 
watered by hand more frequently. Heat reflected by concrete structures may cause adjacent grass to wilt 
sooner. These areas should be checked regularly during hot, dry periods, and watered by hand if necessary. A 
shaded lawn does not require as much water as one that is sunlit.

c. Watering should be done in the early morning or late afternoon rather than during the windiest, hottest part of 
the day. Morning is preferable because watering in the evening may make turf grass more susceptable to 
certain diseases by extending the period of dampness.

d. Irrigation should be completed well in advance of parade reviews, graduation ceremonies, athletic contests 
or other events which may generate excessive foot traffic.

e. Application of water should be made according to soil permeability, ground slope, and type of vegetation,i.e., 
grass, turf, shrubbery or trees. TM 5-630 contains information on soil water retention and infiltration rates for 
various soil textures.

f. Increased surface runoff and ponding may indicate soil compaction, especially if the area is subject to heavy 
foot traffic. To improve infiltration rates, the top soil should be aerated using one of several availabletechniques.

g. Automatic sprinkler systems should be adjusted periodically, and coordinated with the quantity and frequency 
of rainfall.

h. Grass should not be mowed too short. Information on mowing heights is also contained in TM 5-630.

Additional information can usually be obtained from State farm cooperatives, University extension services, 
local Farm Bureaus, County agriculture departments and municipal water utilities.

5.3.2  Equipment Operation and Maintenance
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Many other problems with lawn and turf irrigation can be attributed to improper operation and maintenance of 
sprinkler equipment (17). With manually operated systems, each valve must be turned on and off by hand. 
These systems are labor intensive, and are generally less efficient than automatic sprinklers, which can be 
operated remotely by electric, pneumatic or hydraulic control devices. Maintenance workers must periodically 
reposition and adjust components of a manually operated system. Improper sprinkler head adjustment or 
placement can result in large quantities of water being wasted. Manually controlled irrigation systems are 
normally operated 8 to 10 hours a day by grounds maintenance personnel. During the day, sunlight and wind 
increase evaporation rates, and can adversely affect spray patterns. Daytime sprinkler operation also interferes 
with many outdoor recreational activities. Increased foot traffic on wet turf will compact the soil much faster, 
thereby increasing surface runoff and ponding of irrigation water.

Maintenance of sprinkler equipment is critical for efficient operation of the system. Sprinkler heads and nozzles 
should be cleaned regularly, and replaced if found defective. Replacement heads should be of the same 
hydraulic rating as the old units. Operating efficiencies of sprinkler equipment must be evaluated periodically by 
maintenance personnel. Water pressure in distribution piping, sprinkler distribution patterns, water application 
rates, and depth of water penetration are important system operating parameters which should be measured at 
least once a year. Procedures for evaluating sprinkler systems are contained in Sprinkler Irrigation by C.H. Pair, 
et. al (15). When considering the installation of a new system, or replacement of an existing one, the emphasis 
should be on water conservation. Irrigation systems which can save water are discussed in paragraph 5.4.

5.3.3  Contract Specifications

The construction of medium to large sized irrigation systems at Army installations is usually accomplished 
through a general-service-procurement-contract (17). Facility engineers, who are responsible for the 
maintenance of buildings and grounds, must prepare contract specifications that cover all materials, equipment, 
and work required for a proposed irrigation project. In general, these are not performance specifications, and 
thus do not encourage the use of water saving devices or techniques. While specifications which detail 
materials and workmanship are easier to enforce than performance-type standards, the freedom for contractors 
to select innovative, water-conserving equipment is missing. In many cases, and especially for installations 
located in dry climates, specifications should be written to require water conservation. For projects where water 
conservation has been specified, the following items should be clearly addressed in the contract documents 
(17):

a. Total acreage to be irrigated and location.

b. Maintenance requirements for the various types of vegetation present.

c. Requirements for soil nutrients, acid/alkaline levels, field densities, and site grading.

d. Methods and cycles of irrigation.

e. Weather influences on irrigation cycles.

f. Supplemental irrigation, and areas requiring no irrigation at all.

g. Inspection, maintenance, and repair of all irrigation equipment.

5.3.4  Drought Contingency Plans

The purpose of a drought contingency plan is to limit all nonessential uses of water during a critical shortage 
(5). Many Army installations do not have drought contingency plans, even though the potential for water 
shortage, either natural or induced, exists at most facilities. Facility engineers at each installation need to 
evaluate current water resources, and estimate the impact that varying degrees of drought would have on 
normal operations. This is even more critical in the area of military mobilization (17). Quantities of water used 
for irrigation, and for residential, commercial, industrial, and recreational activities should be determined, and a 
list of essential vs. nonessential water uses established. Varying levels of water shortage can be examined, 
ranging in duration from a few months to several years. A set of prioritized water use plans is needed for each 
level of drought along with a strict enforcement policy. More information on the formulation of drought 
contingency plans can be found in Engineering Regulation (ER) 1110-2-1941 (5).

5.4  Irrigation Techniques that Conserve Water
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When faced with the prospect of installing a new sprinkler irrigation system, or of upgrading an existing one, 
there are several techniques which merit special consideration based on their proven water saving capabilities. 
Table 5-1 provides a list of irrigation techniques that conserve water, and compares the advantages and 
disadvantages of each. These methods are particularily well suited for medium to large sized irrigation systems 
that employ either stationary or rotary type sprinklers above ground, or pop-up type heads below the surface.

Residential lawns are generally watered using simple turret or oscillating, hose-type sprinklers. As part of a 
good water conservation program, residents should be instructed on the proper use of lawn sprinklers, and on 
ways of reducing irrigation water losses. However, to achieve efficient operation of a large scale irrigation 
system, a comprehensive water management program may be required in order to establish irrigation policies 
which promote conservation. Operations and maintenance personnel should be thoroughly trained in the 
methods and procedures required to effectively implement these policies.
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SECTION 6
LEAK DETECTION IN WATER DISTRIBUTION SYSTEMS

6.1  Introduction

U.S. Army installations are unique in that they distribute water much like a municipality, however, resident 
personnel are not required to pay for it like their civilian counterparts. Because military residents pay nothing for 
an unrestricted supply of water, the monetary incentive to conserve is missing, as are other built-in control 
mechanisims such as water meters. This situation makes it difficult to obtain a clear picture of how much water 
is being consumed, wasted, or lost in transit through underground pipelines.

Water loss in distribution systems is a common problem which is difficult to detect, and often uneconomical to 
correct. Leakage is the primary cause, although in some instances illegal and unauthorized service connections 
can account for significant losses. Because most system components are below ground, leaks usually go 
undetected unless a major break occurs in a pipeline and sends water to the surface (13).

Leak detection services are available to Army installations from the Facilities Engineering Support Agency 
(FESA). However, FESA's services are generally reserved for emergency situations involving a major pipeline 
rupture. Most installations lack economical, easy-to-use methods for detecting small underground water leaks, 
which over time, can result in large quantities of water being lost (13).

In view of these problems, the Army decided in 1985 to have CERL develop a methodology for detecting leaks 
in water distribution systems. CERL researchers surveyed various military installations and conducted an 
extensive literature search in order to identify proven, state-of-the-art leak detection procedures. The 
techniques identified were divided into three phases of investigation based on increasing cost and complexity: 
(a) visual inspection, (b) water audit, and (c) leak detection survey (13). These methods are discussed later in 
this section, along with an economic analysis of cost savings to be derived from such a program.

6.2  Source and Quantity of Leakage

Leakage of water from a distribution system can occur as a result of faulty pipe joints and service connections, 
or when pipelines fracture and fail. Improper assembly of joints and building connections can, in most cases, be 
attributed to shoddy workmanship during construction, whereas structural failure of a pipe may be the result of 
substandard materials, excessive trench loadings, or increased system operating pressures. Water mains are 
designed to withstand all anticipated internal and external forces. However, external trench loads may change 
unexpectedly if pipe bedding materials are washed away, or if additional earth fill is placed above the pipe to 
form an embankment. Corrosion of ferrous materials can produce a thinner pipe wall, and thus reduce its ability 
to resist stress. Temperature changes affect water lines by causing a cyclic expansion and contraction of pipe 
walls, and by increasing external stresses due to frost penetration in the surrounding soil. More than half of all 
water line breaks occurring in the Northern U.S. take place during the four month period from November to 
Februrary (13).

Estimating the amount of leakage from a water distribution system is nearly impossible at most Army 
installations. Normally, a mass balance is performed by subtracting metered water consumption from the total 
water supplied (2). Unfortunately, few water meters have been installed at Army facilities. In the absence of 
meters, a good general indicator of excessive water use (and possible leakage) can be obtained by comparing 
day and night consumption rates. Several studies show that normal water use will vary from less than 100 
gal/day per dwelling unit during the early morning hours (0200-0500) to greater than 1400 gal/day per dwelling 
unit in the evening (1700-2100). However, maximum pipe leakage also occurs during the early morning hours, 
when system pressures are highest. Elevated storage is replenished during this period, and static pressure is 
maximized as tank water levels are raised. Thus, the ratio of early morning usage to evening usage can be a 
reasonably good indicator of potential leakage problems. Increased ratios generally mean that excessive water 
is being lost somewhere in the system. The location of leaks can be approximated by valving off sections of the 
distribution system, and then determining the ratio for each section.

The magnitude of the leakage problem at Army installations can be better appreciated by examining the total 
length of water mains presently in service. As reported by FESA in a survey of 167 installations, the Army 
operates somewhere in the neighborhood of 9400 linear miles of water distribution piping (13). The quantity of 
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water unaccounted for (most of which can be attributed to leakage) has been estimated to range from 9 percent 
at Fort Bliss, Texas, to 36 percent at Fort Bragg, North Carolina (2), as shown previously in paragraph 2.4.

6.3  Leak Detection Program

A program for early leak detection in water distribution systems was developed by CERL for use at Army 
installations. The program includes three levels of investigation as indicated earlier. In following such a 
program, an installation would first conduct a visual inspection to stop water leakage from fixtures, valves, and 
piping which are easily accessible to maintenance personnel. This general housekeeping procedure is phase 1. 
Next, a water audit designed to identify, but not pinpoint, parts of the distribution system where leakage 
appears highest would be conducted as phase 2. For this step, the Army must establish criteria for maximum 
allowable leakage to be used in targeting pipe sections that require further investigation. Finally, the phase 3 
leak detection survey is a method of pinpointing major leaks, and evaluating the feasibility of repairing them. 
Coupled with the economic analysis discussed in paragraph 6.4, this three-phased approach should provide 
installations with a viable method of reducing water leakage to acceptable levels (13).

6.3.1  Phase 1 - Visual Inspection

There is no real incentive for residents living on an Army installation to correct water leaks which occur within 
individual housing units. Many serious leaks in plumbing fixtures, piping, and water-using appliances are never 
detected, or if detected are never reported to maintenance personnel for repair. The lack of water meters at 
Army installations means that dramatic changes in water use at a particular building can go unnoticed. In one 
extreme case reported recently, the water used in a certain household was recorded at 11,000 gal/day after a 
meter was installed by CERL researchers (13). A normal household of four persons should average between 
300 and 500 gallons of water per day (21). Translated to the private sector, 11,000 gal/day could result in a 
quarterly water bill of 1,000 dollars or more. This high rate of usage is most likely due to an underground leak in 
the water line serving the building.

All exposed fixtures inside buildings should be visually checked for leakage as a first step. The inspection 
should include all joints and connections for water faucets, water heaters, shutoff valves, dish and clothes 
washers, toilets and exposed piping. Toilets can be checked for leaks by placing a few drops of dye or food 
coloring into the tank, and observing the toilet bowl 15 to 30 minutes later. If dye appears in the bowl, water is 
most likely leaking through the tank plunger seal. All water-saving appliances including HVAC units should be 
checked for faulty connections, and for water demands exceeding the manufacturer's specifications.

6.3.2  Phase 2 - Water Audit

The term "water audit" is defined as an inventory of water inflows, outflows, and consumption rates within a 
distribution system, including an examination of the installation's recordkeeping and water accounting 
procedures (13). A water audit is conducted by segmenting the distribution system into districts or subdistricts, 
and then measuring the total flow of water into and out of each district over a 24-hour period. It should be noted 
that while looped distribution systems greatly enhance the efficiency of water service to an area, they can 
complicate the water audit procedure. Segmenting is usually accomplished by closing valves in the lines 
connecting two adjacent districts, or by installing flow meters. The selection of districts must be based on the 
availability and location of an adequate number of control valves, and on piping suitable for the installation of 
meters. All waterline shutdowns and interruptions in flow should be coordinated with the installation fire marshal 
(20).

Once the distribution system has been prepared for a water audit, flow tests are conducted to determine the 
volume of water entering and leaving each subdistrict. Flow meters, consisting primarily of pitot tubes inserted 
through corporation stops in the pipe, are placed strategically around the system to record net inflow and 
outflow. Water flowing into a segment of pipeline is either (a) consumed, (b) lost to leakage, or (c) transferred to 
storage for later use. This can be represented by the following formula:

Qo = Qi - Qc - Ql- Qs

• where,
Qo = the recorded outflow from the segment,
Qi = the recorded inflow to the segment,
Qc = the water consumed in the segment,
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Ql = the water lost to leakage in the segment, and
Qs = water transferred to internal storage.

As pointed out in paragraph 6.2, water use ratios can be used to indicate potential leakage problems. 
Engineering Technical Letter (ETL) 1110-2-294 recommends using the ratio of minimum nightly flow to average 
daily flow over a 24-hour period (6). If this ratio exceeds 0.5, then leakage most likely is a problem. Sections of 
pipe found to have excessive leakage should be subjected to a leak detection survey as discussed in the 
following paragraph.

6.3.3  Phase 3 - Leak Detection Survey

Areas suspected of having high leakage rates should be surveyed using reliable leak detection equipment. 
Leak detection methods vary greatly in cost and level of sophistication. Some of the more popular techniques 
which have been used by various utilities are discussed briefly (13).

(a) Visual Observation. Except in the event of structural pipe failure, leaks normally are not detectable from the 
ground surface. Yet, it is common for utilities to survey major transmission mains visually when water usage 
increases substantially in a particular section of pipe.

(b) Sonic Technology. The principles of sonic leak detection are based on the fact that characteristic sound 
waves are generated when water leaks from an underground piping system. Some of these waves are of high 
intensity, and can travel considerable distances along the distribution network. Since sound waves are 
dampened as they travel through various pipe materials, measuring the wave intensity at several points along 
the way provides an accurate means of locating leaks. Detecting this sound is simply a matter of establishing 
sounding points along the length of the pipeline, and then using either mechanical or electronic devices to 
sense the wave patterns. Any metallic appurtenance can be utilized as a sounding point including fire hydrants, 
valve boxes, curb stops, water meters, and air release valves.

Two types of mechanical devices are commonly used for sonic leak detection: the geophone and the 
aquaphone. The geophone does not connect directly to underground piping, and therefore picks up a great deal 
of extraneous background noise. To be most effective, this device should be used at night. Sensors are 
generally placed on the ground surface vertically above the lines being surveyed. Operator training is difficult 
with the geophone, and experience is the key to sucessful operation.

Aquaphones are hand-held devices which are placed in direct contact with fire hydrants, control valves, or other 
accessible parts of the system. Although portable and inexpensive, aquaphones are not as sensitive as 
geophones, and produce less accurate results.

Electronic devices can be used to amplify sound waves and filter out unwanted noises. These methods offer 
considerable improvement over mechanical sonic techniques. In addition, a ground microphone and other 
accessories are available which allow electronic simulation of the geophone. Interpretation of the wave signal is 
much the same as for mechanical devices, except that it can be boosted with an amplifier, and most of the 
background noise can be filtered out by selecting only the range of frequencies associated with leaks.

FESA uses a system which analyzes the rate of sound reduction associated with various pipe and jointing 
materials. Each material has a known rate of sound attenuation per unit length. Thus, when the type of pipe is 
known in advance, including the number and type of joints, leaks in the waterline can be easily located with the 
use of electronically programmed accoustic devices.

(c) Miniprobe Sensors. This technique involves placing a small electronic probe containing a radio transmitter 
inside a water distribution main. The flow of water is then detected by surface sensors mounted on the outside 
of the pipe. Opening and closing nearby valves or fire hydrants will establish a background flow pattern, which 
will remain unchanged unless a leak occurs downstream to disrupt it. Miniprobes are expensive because a 
good deal of excavation is required to expose buried pipe, and then each probe must be tapped directly into the 
main. However, they are extremely useful for detecting large leaks in plastic piping, since plastic is a poor 
conductor of sound waves compared to metal.

6.4  Economic Analysis

The effectiveness of a leak detection program is determined by a benefit-cost analysis (13). Various cost 
factors must be considered when evaluating the economic feasibility of such a program. The cost of conducting 
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a leak detection survey will depend on the methods and type of equipment used. Costs for repairing leaks in 
pipelines are usually adjusted to reflect local wage demands, and the price of construction materials. Benefits 
are derived from not having to treat the water saved as a result of leak repair. The total installation water 
demand will be reduced by an amount equal to the leakage reduction. This incremental water savings is 
extremely important for treatment plants operating at or near peak capacity (1). Substantial construction costs 
can be avoided if expansion of treatment facilities is not required.

The marginal benefit-cost (B/C) ratio is computed from the factors cited above, and if greater than one generally 
indicates that a leak detection program is economically feasible. For example, the cost of a leak detection 
survey including all necessary pipeline repairs can be compared to the retail cost of treating water on a dollar 
per million gallon basis. One report from the Philadelphia Water Department estimated the cost of 
electronic/sonic leak detection to be $42/million gallons of water saved, versus a retail cost of $100/million 
gallons for treatment. This resulted in a B/C ratio of almost 2.5, even though water treatment costs in 
Philidelphia were relatively low ($0.10/1000 gal) at the time of the study. For a small community however, with 
say a 2 million gallon water system, the benefits derived from correcting a 10 percent leakage rate may not be 
sufficient at a treatment cost of $0.10/1000 gallons. But if that same community is purchasing water for 
$1.00/1000 gallons, the benefits can be quite substantial (13).

Based on water industry standards, CERL developed an economic analysis suitable for use at Army 
installations. The methods used to estimate benefits and costs are dependent upon (a) a water audit that 
compares minimum nightly demand to average daily demand, (b) the retail cost of water (treated or purchased), 
and (c) the total length of waterlines on each installation. Army ETL 1110-2-294 establishes a maximum value 
of 0.5 for the ratio of minimum nightly flow to average daily flow (6), although CERL researchers believe that 
could be reduced to 0.25 or less. Sections of pipe with ratios higher than this are targeted for further 
investigation. The cost of a leak detection survey was found to range from $100/mile of pipe to $500/mile. 
Repair costs for correcting a single leak varied from $500 for smaller pipe to $750 for larger sizes. The number 
of leaks per mile was one of the most difficult parameters to estimate. Two values were found in the literature, 
0.25 leaks/mile and 0.75 leaks/mile. These can be substantiated by surveying selected parts of the distribution 
system. The retail cost of water was found to vary from $0.10/1000 gallons to over $1.00/1000 gallons in some 
cases (13).

A telephone survey of selected Army installations was conducted by CERL (1985) in order to determine if leak 
detection programs had been implemented, and if water leakage was considered a major problem. As 
expected, the installations surveyed used few if any systematic procedures for finding leaks in water distribution 
systems, and showed little concern for leakage problems in general. Results of the survey indicate that Army 
installations are paying an average of $0.63/1000 gallons of water, either treated on post or purchased from a 
public utility. It appears that there is good potential for savings since the B/C ratio is favorable in most cases 
where the cost of water exceeds $0.50/1000 gallons (13).

The methods presented in this section should be included as part of a regular operations and maintenance 
program. With proper application, these procedures can save money in terms of the costs required for 
operating existing water treatment and distribution systems, including the purchase of water from outside 
sources. Correction of leakage problems will allow many Facility Engineers to reduce or postpone capital costs 
for future expansion of Army water treatment facilities.
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SECTION 7
WASTEWATER RECYCLING AND REUSE

7.1  Centralized Vehicle Washracks

Many large Army installations serve as training sites for local National Guard and Army Reserve units during 
the Summer months. These training missions generally require the use of various types of wheeled and tracked 
vehicles including jeeps, trucks, armored tanks, troop carriers, etc.(8). Military manuevers are designed to 
simulate the most severe combat conditions possible, and as a result, vehicles must be washed and cleaned 
regularly to keep them in a constant state of readiness. Washing of Army vehicles has always consumed large 
quantities of potable water (2), and the wastewater produced is subject to regulation under the National 
Pollution Discharge Elimination System (NPDES) as promulgated by the U.S. Environmental Protection Agency 
(EPA).

In 1975, CERL began a study of vehicle washing operations at Fort Drum, N.Y., in an attempt to develop a 
more efficient system of processing vehicles (8). It was also anticipated that a wastewater treatment system 
could be devised which would meet all current and future EPA discharge requirements, and provide the 
capability for conserving water by recycling treated effluent. 

7.1.1  Existing Vehicle Wash Platforms

Treatment of wastewater from the 19 existing vehicle wash platforms at Fort Drum was found to be grossly 
inadequate, and in serious violation of both short and long term discharge requirements as set forth in the 
amended Water Pollution Control Act (1975). CERL researchers concluded that the disposal system for 
washrack wastes needed immediate and extensive improvements. Of the 19 separate wash platforms on Post, 
only 6 had combined sediment trap and seepage pit treatment. The small amount of data collected from these 
units indicated that the treatment scheme being utilized was fairly effective in meeting 1977 effluent quality 
standards. However, the 13 remaining washracks were discharging large quantities of sediment into nearby 
drainage channels, and producing an oil sheen on the surface of the lake (8).

To insure that effluent from vehicle washing operations would meet future NPDES permit requirements, CERL 
developed the following three waste treatment alternatives: (a) construction of 13 additional wash rack 
treatment systems assuming that the required level of treatment can be demonstrated at a pilot plant, (b) 
connection of all existing wash platforms to the sanitary sewer system on Post, and (c) abandonment of all 
existing wash platforms, and construction of a single consolidated wash facility incorporating centralized waste 
treatment with effluent recycle.

The first alternative was judged to be least expensive on a first cost basis. However, it was expected that a 
continued downward revision of NPDES permit requirements would eventually make 1977 discharge levels 
obsolete. The NPDES was originally intended to bring about an orderly reduction of pollutants discharged into 
streams and natural waterways. The much publicized goal of "zero discharge" was to be attained by the middle 
of the 1980's. Thus, there was no guarantee that a treatment system constructed in the late 1970's would be 
adequate 10 years later (8).

Connection of existing washracks to the sanitary sewer system was found to be feasible only if the installation 
was prepared to expand its wastewater collection system as well as upgrade the sewage treatment plant. In 
view of the above considerations, it was concluded that alternative three would be the most desirable solution.

7.1.2  Proposed Centralized Wash Facility

CERL recommended a wastewater treatment system which utilized flow equalization, primary gravity 
separation, and intermittent sand filtration (8). The primary objective of flow equalization was to achieve a 
constant rate of flow throughout the treatment system. The purpose of primary gravity separation was to 
remove the coarse fraction of suspended solids, along with any free oil and grease that may periodically appear 
in the waste stream. Sludge was to be removed with a front-end loader, and transported to a landfill for 
disposal. Free oil and grease collection would be accomplished using either a mechanical or floating-type oil 
skimmer. Residual turbidity and the remaining oil fraction were to be removed on the slow sand filter. A 
downflow unit containing a crushed rock or gravel foundation, effluent collection piping, and a uniform layer of 
native sand was chosen for design. Filtered solids removed from the surface of the filter would be disposed of 
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by landfilling. The filtered effluent was to be monitored and either discharged to surface drainage, or recycled to 
supplement the potable water supply (8).

As a result of this research effort, two new systems were developed for exterior cleaning of Army vehicles: (a) a 
semi-automated tank bath for cleaning of heavy vehicles with up to 1800 pounds of dirt, and (b) a manual 
cleaning system for lighter vehicles containing 300 pounds of dirt or less. These new facilities have been shown 
to remove soil more quickly using improved spray nozzles and increased system operating pressures. 
Recycling of treated wastewater has led to water savings in excess of 90 percent in some cases. Three of 
these facilities are now in operation at Fort Lewis, WA, and two were completed at Fort Polk, LA, several years 
ago. Others have been constructed at Forts Riley, Carson, Stewart, Hood, and Aberdeen Proving Ground (8).

7.2  Army Field Laundries

Since World War I, fresh water supplies have been relatively abundant in areas where the U.S. Army has 
conducted military training exercises. Thus, little attention has been given to the availability of water resources 
under field operating conditions. However, over the last 10 years the Army has placed greater emphasis on 
water resource management due to the increased cost of supplying and transporting water to combat areas, 
and the growing prospect that it may have to deploy military forces to the Middle East, or some other arid region 
(3).

Army field laundries have always been heavy users of potable water (2), and would benefit greatly from any 
effort at conservation. For example, a typical Army field laundry consisting of two washers and a dryer can be 
expected to consume up to 10,000 gallons of water over a 20 hour work shift. This total could be reduced by 
several thousand gallons if a portion of the wastewater flow were treated and recycled back through the 
system.

In 1975, the Army began development of a prototype field laundry treatment system to remove pollutants from 
the wastewater, and prepare it for discharge to the environment. In the years since then, CERL researchers 
have been unsure as to which effluent parameters should govern design. It has been assumed that during a 
military conflict, and depending on the location of hostilities, wastewater discharge requirements will most likely 
be relaxed, and even suspended in some cases. However, more emphasis has been placed on water 
conservation in recent years, and interest has shifted to the study of recycle systems. In 1985, research was 
conducted to determine the effectiveness of a Field Laundry Wastewater Recycling System (FLWRS) in 
producing a water which meets the Army Surgeon General's interim standards for direct reuse of reclaimed 
wastewater (3).

7.2.1  Testing and Evaluation of FLWRS

Laboratory tests were performed (1985) on the prototype FLWRS by a research team from the Civil 
Engineering Department at Virginia Military Institute (VMI). A commercial/ industrial, front-loading type washer 
and extractor of 70-lb capacity, and a 42-gallon electric hot water heater were used in lieu of the standard-
issue, M-532 Army field laundry unit. Also, commercial electric power was used to operate the system instead 
of an engine driven, 3-KW portable generator, which is standard equipment on most Army field laundry packs. 
Other components of the system included: (a) a 500-gal collapsible fabric tank where polymers and activated 
carbon were added, mixed, flocculated and settled, (b) a diatomaceous earth (DE) precoat tank with a 420 
gal/hr filter, (c) a 500-gal metal fresh water tank, (d) a 500-gal polyethylene collection tank, and (e) two 250-gal 
polyethylene holding tanks (3).

The treatment procedure consisted of a batch process employing manual addition of anionic and cationic 
polymers along with powdered activated carbon to each 500 gallons of wastewater collected. Pollutants were 
removed by flocculation, settling and adsorption of organics to the activated carbon. The treated water was then 
polished using the DE filter, and disinfected with chlorine.

Analysis of the batch test results indicate that the FLWRS provides an effective method of treating laundry 
wastewater for recycle in Army field units. However, all of the water utlized in washing operations cannot be 
recovered. Clothing retains some moisture that cannot be removed during extraction. The major loss of water 
occurs when the DE filter is back washed. Quantities of makeup water varied from 7 to 12 percent of the total 
water used for washing.

7.2.2  Health Implications of Recycling
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There is very little information available on the occurance of specific chemicals in laundry wastewater, or their 
related health effects on humans. Most of the studies conducted in this area have focused on direct dermal 
contact with recycled wash water, and the effects of drinking treated effluent. In the case of a FLWRS however, 
such direct-contact criteria may not be applicable, since consumption of recycled water by field personnel and 
its use for bathing purposes is prohibited under normal operating conditions. The primary health concern is skin 
irritation and sensitization caused by chemical deposits found on clothing after they have been laundered. The 
hazards associated with a particular compound are dependent upon its physical, chemical, and toxicological 
properties (3).

Individual troops who operate laundry facilities may be at increased risk for exposure to certain chemicals. 
However, the use of protective clothing during all stages of treatment should minimize these concerns. Sulfuric 
acid is added to recycled wastewater for pH adjustment. In its concentrated form, sulfuric acid can cause 
severe skin burns, and must be handled with care. Other treatment chemicals include: (a) cationic and anionic 
polymers for coagulation, (b) soda ash for pH adjustment, (c) powdered activated carbon to adsorb organic 
compounds, and (d) calcium hypochlorite for disinfection. No adverse health effects are expected from 
exposure to these chemicals. However, volatile organic compounds pose a particular threat in areas which are 
not well ventilated. Protective breathing devices may be required to insure that personnel do not inhale 
excessive quantities of vaporized organics.

The majority of compounds found in recycled laundry wastewater are derived from synthetic detergents, 
bleaches, soaps, water treatment chemicals, and contaminants present in soiled clothing and linen (3). Table 
7-1 lists the chemical contents of a typical Army field laundry waste, and compares them with a similar 
commercial laundry unit. It appears from the table that Army wastes have a lower pH and total alkalinity than 
commercial establishments.

In an actual field setting, hospital laundry may be combined with that of the general troop population. This can 
add several specific contaminants to the laundry waste stream including blood, disinfectants, drugs, laboratory 
chemicals and photographic wastes from X-ray processing. Chemicals associated with these sources include 
mercury, barium, beryllium, boron, chromium and lead. There is no evidence suggesting that any of these 
compounds produce skin irritation or sensitivity, however, injestion of most heavy metals can cause serious 
health problems.

The types of chemicals found in soiled clothing are a major factor in determining what health effects can be 
expected from using recycled waste water. As soldiers perform military duties, their uniforms come in contact 
with various chemical compounds, which are ultimately discharged to the laundry waste stream. Such 
compounds are derived from the handling of military munitions, petroleum fuels, pesticides, lubricating oils, 
greases, paints, solvents, and similar materials. As an example, chemicals known to cause dermal sensitization 
are shown in Table 7-2. Some of these compounds also exhibit photosensitization. That is, following contact 
with the compound, the skin becomes more sensitive and irritated when exposed to bright sunlight.

Some concern has been expressed over the adverse health effects that may result from the use of chlorine as 
a disinfectant (3). However, the only chlorinated byproduct found in laundry wastes to be potentially hazardous 
to humans is 2-chloroethanol, or ethyene chlorohydrin. A derivative of ethanol, this compound is cited as having 
a high inhalation toxicity (2 ppm for 1 hour was fatal to rats) in addition to a rapid skin absorption rate (3). Even 
trace amounts of 2-chloroethanol may present a serious threat to human health. This chlorinated hydrocarbon 
is highly water-soluble, and can easily penetrate rubber gloves or other protective clothing. It has been 
identified as a carcinogen analog to epichlorohydrin and/or vinyl chloride (3). There is reason to believe, 
however, that the formation of this compound is relatively rare in laundry wastewater. Ethanol is very volatile, 
and should evaporate from soiled clothing prior to washing. Also, any 2-chloroethanol generated in the waste 
stream would most likely be adsorbed onto the activated carbon during treatment.
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SECTION 8
EMERGENCY WATER SUPPLY PLANNING

8.1  Introduction

Most water utilities have a detailed crisis management plan with standard operating procedures designed to 
cope with common emergencies such as water main breaks, pump failures or tank ruptures. Emergencies can 
be grouped into 3 categories: (a) natural disasters such as earthquakes, hurricanes, tornadoes and floods, (b) 
accidental disasters such as explosions, power failures and chemical spills, and (c) deliberate actions such as 
riots, sabotage, or acts of war (12). A water utility must be well prepared for all such events, even though some 
emergencies may result in prolonged periods of interrupted service. It is particularly important for a water utility 
facing one or more weeks without the use of major portions of its physical plant to have a plan of operation that 
will minimize the loss of water, and maintain vital services to hospitals and other critical users. Development of 
such a plan at an Army installation involves hypothesizing probable disasters based on the facility's location, 
predicting the vulnerability of system components to each type of disaster, and estimating the installation's 
water requirements in the event such an emergency occurs. For example, hurricanes and tornadoes should 
have little effect on the underground distribution system, whereas earthquakes or sudden freezing temperatures 
may result in a water line break or rupture of a valve.

CERL conducted a study (1984) on emergency water supply planning, and found that only 13 percent of the 
installations had a workable plan. The Army Environmental Hygiene Agency (AEHA) recently reported that 
emergency water supply planning at most installations was almost nonexistent. Army Regulation 420-46 
requires that an emergency plan be prepared and kept current at all facilities (1). Technical Manual (TM) 5-660 
contains extensive guidance on emergency planning (20).

The purpose of this section is to (a) summarize hypothetical disasters that could severely disrupt Army water 
systems, (b) discuss the vulnerability of various system components to these disasters, and provide ways of 
minimizing the associated risks, (c) present a basis for estimating water requirements under emergency 
conditions, and (d) provide a checklist for developing and updating an emergency water supply plan at an Army 
installation.

8.2  Types of Disasters

Evaluating hazards based on an installation's geographic location is the first step in developing an emergency 
water supply plan. Location can determine the types of disasters likely to occur on an installation, and the risks 
associated with each type. For example, hurricanes are most common in the U.S. along the Eastern Seaboard 
and Gulf Coast states, whereas, tornadoes occur most often in the Midwest and central states. On the other 
hand, riotsand acts of sabotage may occur anywhere (12).

8.2.1  Natural Disasters

Natural disasters are random occurences which are generated by the forces of nature. The wide range of 
climatic and geologic phenomena found in nature makes it extremely difficult to predict these events with any 
degree of certainty. Natural disasters include earthquakes, volcanoes, hurricanes, tornadoes, floods, tsunami 
waves, and other severe weather events (12).

(a) Earthquakes. When two adjacent land masses move in relation to one another, an earthquake will almost 
always occur at some point in the future. As these movements progress over time, cohesion between the land 
masses causes a tremendous buildup of stress, which is stored in the form of energy. During an earthquake 
this energy is suddenly released, generating seismic shockwaves which travel for many miles in all directions.

Earthquakes are rated according to the Richter scale, which is a logarithmic system based on the magnitude of 
energy released. Manual No. M19, Emergency Planning for Water Quality Management, published by the 
American Water Works Association (AWWA) contains data relating the frequency of occurance, distance and 
area affected, and both magnitude and total quantity of energy released by earthquakes. Any earthquake with a 
magnitude greater than 7 on the Richter scale is considered major (4).

Various seismic zone maps contained in the Uniform Building Code published by the International Conference 
of Building Officials can be used to help predict the geographic location of earthquakes. The risk of damage is 
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greatest along the continental borders of the Pacific Ocean, where eighty percent of the total energy from 
earthquakes is released (24).

As yet, no reliable method has been devised to predict the occurrence of earthquakes. This uncertainty adds to 
the potential for destruction, since there is generally no advance warning. Water utilities may face structural 
damage to buildings and equipment, raw and finished water reservoirs, well casings, intake and transmission 
structures, elevated and ground storage tanks, and underground water mains and valves. In addition, electrical 
lines sup plying power to a treatment plant or pump station may be severed, and access to facilities may be 
restricted or eliminated entirely if roads and highways are destroyed.

(b) Volcanoes. Volcanoes are found primarily along the rim of the Pacific Basin, and across the Mid-Atlantic 
ocean ridge (24). Volcanoes generally occur where molten rock, called magma, is allowed to escape through 
the earth's crust. As magma rises from the earth's core, dissolved gases vaporize and put pressure on the 
overlying rock strata. When the pressure becomes great enough, these gases break through the overburden 
with explosive power, allowing molten lava to flow freely to the surface. Tremendous quantities of dust and rock 
fragments can be transported over great distances through the atmosphere. This dust can contaminate water 
supplies by dramatically increasing the particulate load on treatment plants, and thereby shortening filter runs 
(12). Army installations located near active volcanoes should have an emergency water supply plan which 
adequately addresses these concerns.

(c) Hurricanes and Tornadoes. Hurricanes and tornadoes are two distinctly different meteorological events, 
however, both result in extremely high wind velocities. Hurricanes, which are often associated with the Eastern 
Seaboard of the U.S. and the Pacific Islands, can cause both flooding and high winds (24). Tornadoes occur 
most frequently in the Midwest, but from a practical standpoint they can occur anywhere.

Hurricanes are discussed in AWWA Manual M19, where they are classified according to storm intensity, 
damage capability, seasonal frequency, and probable location of occurrence. The most damaging hurricanes 
occur between June and November, and are concentrated in Florida, Georgia, North and South Carolina, 
Texas, Alabama, Louisiana and Mississippi (4). The Uniform Building Code contains guidelines for selecting 
appropriate wind speeds for design of structures in these areas. Values for wind speeds range from 70 mph 
inland, to more than 110 mph on the southern tip of Florida. A hurricane originates as a tropical depression, 
evolves into a tropical storm, and finally develops into a full blown hurricane depending on its wind velocity (24). 
Thus, there is plenty of time for advance warning, which is extremely important for emergency planning 
purposes.

Tornadoes are very different from hurricanes in their method of formation. Tornadoes do not follow a natural 
progression of storm events as do hurricanes. They generally form rapidly during warm, humid weather, and 
are quite often associated with thunderstorms (12). In fact, several tornadoes may be generated from one 
extremely severe thunderstorm. This rapid development makes the tornado a particularly lethal and devastating 
storm event with which to contend. As such, little advance warning is given in most cases, which makes 
planning for these emergencies very difficult.

Hurricanes and tornadoes impact water utilities in similar ways. High wind speeds can generate tremendous 
forces on walls and roofs of structures causing them to buckle, and various types of debris can be uplifted and 
transported through the air. Buildings may be structurally damaged, intake pipes and open channels may be 
blocked by trash and debris, and access roads may be rendered impassable due to flooding. In addition, 
electrical power lines and elevated storage tanks may be upended. However, distribution piping and other 
underground structures are normally not affected by the high winds and rain (12).

(d) Floods. Flooding very often follows a hurricane or similar storm event. Most floods are caused by excessive 
rainfall, and occasionally from snowmelt. Any land area which is located near a large body of water, such as a 
lake, river, bay, estuary, or ocean, is subject to flooding. There is little man can do to predict floods from 
forecasts of weather patterns, which are themselves often innacurate. Instead, engineering practice has been 
to develop predicted flood levels based on recurrence intervals of storms. Thus, a 10-year flood refers to the 
level of flooding expected to occur on average once every 10 years, as determined from a statistical analysis of 
historical flood data. A 50-year flood level is higher than a 25-year flood level, which is higher than a 10-year 
flood level, and so forth (4).

Expected flood levels can be determined for Army installations which are located in areas where flood 
insurance studies have been conducted. These studies were performed by the Federal Government in the late 
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1970's as part of the National Flood Insurance Program (12). Even though they did not specifically include Army 
installations, the information derived for civilian communities can be extrapolated to adjacent Army facilities, 
since in most cases they share the same rivers and streams. Some installations have conducted independent 
flood control studies, which may also be useful in determining flood levels.

It is extremely important to identify on-post facilities which are susceptible to flooding. Buildings located below 
expected flood levels should not be used to store chemicals or other materials subject to water damage. Also, 
water-soluble chemicals should be placed in sealed, secured containers, and protected from inundation. Care 
should be taken to prevent large objects and debris from being carried away by flood waters, and causing 
structural damage to buildings and tanks. Mud transported by flood waters can fill sedimentation basins, wet 
wells, and filtration units, and debris can clog intake structures and open channels. In general, floods have little 
effect on buried piping and equipment. However, where ground surfaces are washed away, exposed piping 
may become susceptible to damage.

(e) Tsunami Waves. Undersea earthquakes and volcanoes sometimes generate very destructive waves called 
tsu-namis. These waves are capable of travelling over great distances, and can cause extensive damage in the 
process. Most occur along the Pacific Ocean Basin, coincident with the origin of most earthquakes and 
volcanoes (24). As a general rule, more people die over a wider geographical area from a tsunami, than from 
the underlying earthquake or volcano. In 1946 an Alaskan earthquake created a tsunami that was over 40 feet 
in height, and traveled at speeds approaching 500 mph (12). Tsunami waves cause structural damage similar 
to floods, and may also affect the transport, communication, and power components of a water utility. They are 
most likely to affect shoreline structures, such as a desalination plant. Inland water utilities are not affected by 
this type of disaster (4).

(f) Severe Weather. Freak and unusually severe weather phenomena can result in water supply emergencies if 
a utility is not adequately prepared. One of the most common problems is broken water lines caused by 
excessively cold temperatures. Frost heave occurs when soil moisture freezes, and places stress on 
underground water mains and valves. If the piping has been weakened previously by corrosion or faulty 
installation, it may crack and eventually break.

Extended periods of cold weather can freeze water in elevated storage tanks, and create ice dams at intake 
structures, or in open channels and tanks (22). Engineers normally anticipate freezing temperatures and take 
appropriate design precautions. However, unusually low temperatures can cause unforseen problems.

Electrical storms discharge lighting which may strike power lines or even cause fires. Most modern water 
utilities employ computerized control systems for chemical feed units, process pumps, motorized valves, and 
other electrical equipment. A voltage surge in a power supply line can interrupt microprocessor control, and 
cause incorrect signal or data transmission (12).

8.2.2  Accidental Disasters

Accidents which occur at Army installations range from minor problems to major disasters. They may affect the 
Post water supply, treatment and distribution systems, as well as operator personnel. Types of accidents 
include spills of hazardous and toxic materials, explosions caused by mishandling of chemicals, and failure of 
automated control systems due to electrical power surges and total shutdowns.

(a) Hazardous and Toxic Materials. Spills of hazardous and toxic materials can impact a water utility in 3 ways: 
(i) The materials themselves may be hazardous or toxic when discharged to the water supply. These are 
compounds referred to by the U.S. EPA as "priority pollutants" (12). The continued development and production 
of new synthetic chemicals has greatly expanded the original list of priority pollutants from 65 in 1976, to 
somewhere in the thousands today. (ii) Materials may be non-hazardous but may interfere with water treatment 
processes. For example, certain chemicals can overload and displace toxic compounds from a granular 
activated carbon unit. Also, large increases in sediment load can dramatically alter the demand for chlorine. (iii) 
Non-hazardous materials may be transformed during treatment into compounds which are hazardous or toxic. 
Examples of this include the production of trihalomethanes from humic substances during chlorination, and the 
formation of chlorophenal, a chlorinated organic which is more toxic than the phenal precurser. In addition, 
chloroform, bromoform, carbon-tetrachloride, and chloro-dibenzofuran are other undesirable byproducts.

Hazardous chemical spills can affect treatment plant operators as well. Personnel in confined spaces may be 
subjected to volatile organics emanating from the influent wastewater.
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(b) Mishandling of Chemicals. Water treatment processes utilize a varity of chemicals that can be extremely 
dangerous when handled incorrectly by operator personnel (12). Strong acids and bases used for pH 
adjustment, chlorine gas used for disinfection, and various iron salts used in coagulation, are but a few of the 
many types of compounds that must be stored and mixed on a routine basis. Most of these chemicals are in 
concentrated form, and great care must be exercised by personnel when handling them. The mixing of 
incompatible chemicals can result in explosions and/or the release of toxic fumes and gases. The AWWA has 
developed an extensive list of incompatible chemicals, which they published in Opflow (1985).

(c) Computer or Communications Failure. Most water utilities now rely on automated control of various system 
components. For example, process pumps may be controlled by tank level probes, chemical injectors may be 
operated by pressure switches, and filter backwash pumps may be cycled with the use of a timer. Elaborate 
electronic instrumentation has increased plant operating efficiency significantly over the years. However, a 
failsafe backup system is required in the event of a major power outage. Backup facilities consist of engine 
driven auxilliary generators, battery powered control systems, and manually activated pumps and valves. 
Backup data storage devices for computers are also highly recommended.

8.2.3  Deliberate Acts

Acts of war, civil unrest, and vandalism may also create emergency conditions for a water utility (12). Water 
supplies can be intentionally polluted, structures and equipment damaged, power supplies shut down, and plant 
personnel detained or prevented from reporting to work. The Army has expressed interest for several years in 
foreign sponsored terrorist activities and sabotage, especially in the U.S. and specifically directed toward Army 
water supplies. The very nature of such activities makes it extremely difficult to develop emergency plans. The 
Army recently initiated a study, to be performed by CERL, that would investigate the total spectrum of terrorist 
activities and deliberate acts of sabotage directed toward U.S. Army water supplies at installations worldwide. 
The results of this study are expected in several years (12).

8.3  Vulnerability of System Components

The vulnerability of a water utility is the degree to which operations are adversely affected by the loss of one or 
more system components (12). This may vary from a simple water line break, to the rupture of a primary water 
storage tank, or the failure of a critical high lift pumping station. For example, a distribution system which is 
supplied by a single water main will be severely impacted if that pipeline breaks, whereas a system being fed 
by several independent connections will continue to operate even if one of them is forced out of service.

In order to properly assess the vulnerability of a water utility, engineering plans and drawings of the entire 
installation should be obtained. From that, the reliability of each component, along with the total number of units 
available in the system, should be evaluated thoroughly.

8.3.1  Plans and Drawings

Plans and drawings should show all components of the water system from intake structures to building 
connections, including electrical, mechanical, and transportation features. A schematic diagram should be 
prepared showing all process flows through the treatment facility, the number, size, and type of treatment units, 
and all details of the supply, collection, storage, and distribution system. Other drawings should indicate 
sources of electrical power, emergency generators, fuel storage and transmission, housing for treatment 
chemicals and spare parts, communication networks and control systems, etc. Locations of high priority water 
demands should be noted, along with critical pump stations, elevated storage tanks, and transmission mains. 
Organizational charts showing supervisors, employees, and operations personnel to be notified in case of an 
emergency, along with venders, suppliers, and contractors who may be called upon for equipment repairs and 
supplies, should be made available. Transportation networks should be evaluated so that alternate routes of 
access to treatment plants, pumping stations, and other critical locations can be established (12).

8.3.2  Number and Reliability of Units

The vulnerability of a system with several backup units must be assessed both in terms of the redundancy, or 
total number of available units, and the reliability of each individual unit. The relationship between number and 
reliability of components is given by:

R = 1 - (1 - r) m
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where R equals system reliability, r is the reliability of an individual unit assuming all units are equally reliable, 
and m is the number of units or components in the system, arranged in parallel. Reliability ranges from 0 to 1.0. 
This equation was developed from statistics using probability theory and the intersection of sets (12).

Rarely is a water treatment facility or any element of the water distribution system provided with 100 percent 
redundancy, i.e., backup units for all equipment. However, most regulatory agencies have established minimum 
standards for the number of treatment units required (4).

8.3.3  Vulnerability Analysis

After reviewing plans and drawings of the entire water utility, and establishing the reliability of all components in 
the system, a vulnerability analysis can be performed. This generally involves the preparation of a 
disaster/effects table relating system components to various types of disasters, and a worksheet used to 
estimate the extent of damage to each element in the system (12). Using this technique, a detailed plan of 
action can be accurately developed.

8..4  Estimating Water Requirements

During an emergency involving partial loss of the water distribution system, critical water needs must be met 
first. Many water uses on Post can be temporarily suspended, thereby providing increased supplies for 
hospitals, clinics, security operations, and essential of water will depend on the nature and duration of the 
emergency. A short-term event of less than 4 hours will probably go unnoticed during low-use periods, and 
would cause no major concern during times of peak consumption if adequate storage were available. In 
contrast, a 50 percent reduction in capacity lasting over several days may cause severe problems, especially if 
storage levels are low to begin with. If that is the case, then dramatic measures will be required to reduce 
nonessential water demand over the entire installation (4).

In order to determine where reductions can be made, the normal daily water demand must be known or 
estimated. Typical activities related to water use at Army installations were shown in Table 2-1. Water demands 
for fire fighting, industry, and leakage from underground piping must be included as part of the total water 
requirement (2). Fire flows can be estimated with the use of TM 5-813-6, along with standards from the National 
Fire Protection Association (23). Industrial water use depends on the particular type of activity involved. 
Irrigation demands and leakage losses are discussed in previous sections of this study. Domestic water 
requirements for residential areas can be divided into four (4) basic categories; cooking and drinking, bathing 
and personnel hygiene, laundry and dishwashing, and flushing of waterborne toilets. Additional uses go to lawn 
irrigation, swimming pools, and the washing of privately owned vehicles. The range of these demands has been 
shown previously in Section 4. The highest priority use, cooking and drinking, represents only a small 
percentage of the total domestic water demand, and can be met easily during an emergency as long as water 
supplies are not contaminated, and some treatment capacity exists (12). Hospital water demand is also a high 
priority item, and must be determined from TM 5-813-1 (21). Other critical uses are derived from sensitive 
industrial and security activities on Post, and depend upon the mission assignment of the particular installation.

Estimating each component of the water demand is an essential step in developing an effective emergency 
plan. A table should be prepared showing each component with an assigned priority. The highest priorities are 
generally given to hospitals, fire fighting, drinking and cooking, and selected industrial applications (12). Thus, 
when an emergency arises the highest water use priorities will be known, and water can be allocated 
accordingly.

8.5  Development of an Emergency Plan

A single individual or group of individuals should be assigned the task of developing an emergency plan at each 
Army installation. The plan should be based on a checklist of activities similar to those found in AWWA Manual 
M-19 (4). Some of the more critical elements required to formulate such an emergency water plan are 
discussed briefly in the following paragraphs.

The entire organizational structure of the Post water supply system should be reviewed first, and responsible 
persons assigned to carry out plan development, training, and implementation. Advisory oversight can be 
provided by a committee made up of local civil defense and nonmilitary water utility managers. A disaster team 
should be established, and given clear definitions of team responsibilities, plan of operation, and chain of 
command. Assistance in emergency planning can be obtained from the Federal Emergency Management 
Agency (FEMA), U.S Environmental Protection Agency (USEPA), and local civil defense organizations (4). 
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Installations should establish liaisons with all of these agencies, and work closely with them to secure maximum 
cooperation.

A vulnerability assessment must be made of the entire water supply, treatment, and distribution system. Then, 
emergency water requirements must be estimated as previously described. The system capacity remaining 
under each assumed disaster scenario must be determined, so that critical components can be identified for 
possible replacement or expansion. Procedures should be established for effectively allocating all water 
resources during an emergency situation.

Where possible, cooperative agreements should be made with surrounding communities to provide for an 
exchange of personnel, equipment and materials during a disaster. Communications, training, and public affairs 
are vital components of an effective emergency water plan. Special military, legal and security problems must 
also be considered when planning for Army installations.

Another important part of the emergency water plan is post-disaster recovery. Damage assessment is a critical 
first step. It must then be determined if and to what extent decontamination is required for the water supply. 
Procedures must be established for operating the remaining facilities in a manner which will conserve water 
and service critical users. Isolation and repair of damaged equipment must be done as rapidly as possible. The 
water supply must be constantly monitored for public safety.

As a final step, it is necessary to examine deficiencies in the water supply system to see if reliability can be 
improved. Vulnerable areas in the system should be eliminated where possible. This can be accomplished by 
acquiring backup equipment, increasing stockpiles of materials, improving communications, developing 
auxiliary power sources, adding multiple interconnections and valving, recruiting and training personnel, and 
improving O&M procedures. System reliability should be analyzed at least once a year. Emergency operations 
and procedures must also be scrutinized for areas of possible improvement. It is important to upgrade the 
emergency water plan when equipment additions are made to enhance system reliability.

Developing an emergency water plan for the first time will probably require from 6 to 18 months depending on 
the size of the installation and the resources committed (4). Most of this time will be spent collecting data on 
flood frequency, seismologic history, meteorological phenomena, etc., and establishing contact with other 
agencies. Once the plan is in place, however, it can be updated quickly, and will require significant changes 
only if major modifications are made to the utility system. An emergency plan must be dynamic, and should be 
improved over time as more operating experience is gained. Change is critical to emergency planning, 
otherwise, a plan that is developed for existing conditions may become obsolete when these conditions change. 
Only by continuous updating, will an emergency water plan be capable of performing its critical mission of 
conserving and maintaining the water supply during a disaster (12).
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SECTION 9
WATER CONSERVATION PROGRAMS--CONCLUSIONS

CERL gathered information pertaining to water conservation at U.S. Army installations in a study of water 
demand forecasting procedures (1985). Water supply personnel and utility managers were surveyed to 
determine the extent of water conservation activities at each facility. Of the 85 installations contacted, almost 65 
percent responded that they had no viable conservation program in place, while 35 percent indicated that some 
measures had been taken to conserve water over the past 5 years (11). Several installations had implemented 
rather extensive and detailed water conservation programs aimed at reducing or eliminating all nonessential 
water use. Tables 9-1 and 9-2 summarize the results of this survey. A statistical analysis performed on the data 
showed that there was no significant correlation between the distribution of conservation programs and the 
Major Command of an installation. A Chi-Square test was performed on Table 9-1 to verify this. Examination of 
the relationships between Major Commands revealed that, in general, water conservation programs were 
distributed uniformly among the installations without regard to mission orientation (11). However, the water use 
profile of a particular installation was found to be a significant facter. As seen from Table 9-2, more than 75 
percent of the installations having no water conservation program were identified as below-average water 
users, and over half of the installations implementing programs in the last 5 years were shown to be above-
average water users.

The types of conservation measures being implemented at most installations are shown in Table 9-3. 
Restrictions and bans on the use of water are the most frequent, accounting for 55 percent of the total. 
Restrictions on lawn and golf course irrigation, and bans on the washing of privately owned cars and military 
vehicles are the simplest and easiest to enforce (2). The primary reason for selecting these measures is to 
reduce nonessential water use during the dry summer months. Being short-term in nature, these procedures 
can also be implemented during anemergency water shortage or drought.

Technological methods consist of flow restricting devices and plumbing fixtures which can be installed on 
faucets, showerheads, and toilets. These devices are discussed more fully in Section 4. The installation of flow 
restrictors in shower heads has resulted in various user complaints, and in some cases they have been 
removed. Unfortunately, at many installations there is no way to measure the water saved by these devices 
(11).

Other conservation techniques that have been used frequently by the Army include recycling of treated 
wastewater for irrigation of lawns, golf courses and parade grounds, and the reuse of water in HVAC systems 
to reduce the amount of makeup required. These methods have been shown to save large quantities of potable 
water, and have lowered energy consumption as well (16)(17).

Some of the newer conservation methods include surveying water distribution systems for leak detection, and 
the constructiion of centralized vehicle wash facilities. Also, several installations in the arid Southwest have 
begun replacing grassed areas with desert landscaping in order to reduce irrigation demands. Educational 
programs have been introduced at some facilities to elicit voluntary cooperation from residents in conserving 
water during periods of peak demand.

Information obtained from the study suggests that the Army has adopted only a few of the many water 
conservation techniques found in the literature (11). Visits to twelve installations showed that many Facility 
Engineers were either ignorant of the latest water saving technology, or did not know how to select the most 
appropriate equipment for use in existing systems.

There does not appear to be a consistent, well-established procedure for developing and implementing a water 
conservation program at the installation level. No serious attempts have been made by the Army to formulate a 
sound, comprehensive policy for saving water. Short-term, emergency response measures have been relied 
upon in the past to reduce water demand during critical shortages, and have been adequate in most cases. The 
Corps of Engineers Institute for Water Resources has recently published guidelines for alleviating water 
shortages in municipal and industrial water supply systems. These techniques may be adaptable to the water 
planning needs of a military installation. However, both short-term measures designed to cope with emergency 
situations, and long-range conservation planning that will substantially reduce water use over time, are required 
to produce a consistent and effective management program that will conserve this valuable and critical 
resource.
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